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SUIIARY 


This study concerns the full benefits and costs associated with 
agricultural land drainage which is supported financially by the Government 
of Ontario. It considers not only agricultural benefits but also impacts 
on the natural environment. The creation of special land-use conflicts 
resulting from drain construction, particularly in wetlands and along the 
rural-urban fringe, is also examined. In general, the study addresses 
the questions of whether drainage projects have been worthwhile and whether 
any modifications in current procedures could be devised to avoid problems 
in the future. 

The study begins with a township-by-township overview of drainage 
Drainage Act. Based on total expenditures as well as recent charges, 
seven distinctive regions are identified: Southwestern Ontario, the 
Southwestern Ontario Fringe, Southern Georgian bay, Eastern Ontario, 
Niagara, North Shore of Lake Ontario, and Northern Ontario. 

Following a theoretical survey the study proceeds to an examination 
of evidence gathered at a number of field locations across the Province. 
The research is centred on seven townships (Brooke, Caldwell, Cumberland, 
Ellice, Mersea, Ramsay, and West Luther), as well as other selected sites. 
Within the townships a representative sample of 37 drainage projects, 
completed within the period 1965-70, are systematically analysed. Special 
land-use conflicts are examined in detail at the Martin drain (Brant County), 


the Stroud Swamp (Simcoe County), and on the outskirts of the City of 
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Niagara Falls. 

It is concluded that, on the whole, drainage projects have led to 
good agricultural benefits at the local scale without creating undue 
damage to the environment or serious land-use conflicts. Yet a significant 
and large minority of projects have not generated enough agricultural 
benefits to justify their construction. Considerable variation in the 
benefit-cost balance is evident between drains, and there is a tendency 
for the traditional centre of farming activity, Southwestern Ontario, to 
experience the most beneficial responses. Environmental impacts at the 
local scale normally involve minor impacts on natural ecosystems and 
stream hydrology. In some cases considerable destruction of woodlots 
and wetlands is evident, which is particularly significant in Southwestern 
Ontario where wetlands are scarce and where acreages under cultivation 
are expanding. The area north of Toronto is also experiencing a significant 
destruction of wetlands, which is likely to become more crucial as urbaniza- 
tion proceeds. 

The analysis of land-use conflicts in wetlands and the rural-urban 
fringe indicates that good evidence of serious cases is rather rare. On 
the other hand, legitimate cases of conflict between individuals and groups 
have been identified, and it is concluded that procedures currently in 
practice do not facilitate effective resolution. 

The accurate measurement of many large-scale impacts of drainage is 
beyond the scope of this study. For example, the influences which drainage 
activity exert on general food price levels and on larsze watershed hydrology 


would require much more research before conclusions could be reached. 


Digitized by the Internet Archive 
in 2022 with funding from 
University of Toronto 


https://archive.org/details/31/61114667314 


£14, 


The study concludes by suggesting ways in which problems relating to 
land drainage could be overcome by alternative types of legislation. It 
is indicated that many problems could be avoided through an initial assess- 
ment of potential impacts of drainage projects. It is also concluded that 
comprehensive evaluations of projects are extremely difficult in the 
absence of Province-wide, or at least region-wide, rural land-use objectives 


or priorities. 
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Chapter 1 


INTRODUCTION 


1.1 Terms of Reference 
The research project outlined in this report, which was undertaken for 
the Ontario Legislature's Select Committee on Land Drainage during the 
period January 1 to September 15, 1973, concerns three of the topics in- 
dicated in the terms of reference for the Select Committee’: 
(1) the associated problems of competing land use in the urban 
fringe and in wetlands, as influenced by drainage projects 


{in Ontario]; 


(2) the problem of public interest in land use over the drainage 
of private land by individuals; 


(3) the prior evaluation of the benefits and costs of a drainage 
project. 


The three topics are by no means independent of each other or of most 
of the other topics under consideration by the Select Committee. So the 
project's research design involves a general investigation of Government- 
assisted land drainage in Ontario, together with specific analyses of the 
"full" benefits and costs associated with drainage, and of situations aris- 
ing from competing uses for land. The final objective of the project is to 
Suggest alternatives or modifications to the current Drainage Act (Revised 
Statutes of Ontario, 1970, Chapter 136 as amended by 1972, Chapter 1, Section 7) 


to alleviate problems identified in the research. 


* 
Items two, three and four on the Select Committee's list of eleven topics 


for investigation. 
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1.2 Research Design 


Research for the project was designed to fall into four distinct phases, 
the complete details of which are described throughout the remainder of the 
report: 

Phase One--Inventory and Hypothesis Formulation 

The period January 1 through to mid-March was used to compile informa- 
tion about the extent, costs, and impacts of agricultural drains using ex- 
isting data. Primary emphasis was placed on preparing an overview of drainage 
activity in Ontario, although reports from other areas, particularly those 
concerning the environmental impacts of drain construction, were analysed. 
From this inventory the researchers were able to understand more fully 
the pattern of drainage activity in Ontario, to conceptualize the situations 
under which drains have been constructed, and to hypothesize the kinds of 
impacts and relationships that drainage would be expected to have at the 
local and province-wide scales. Phase one, then, provided the necessary 
background information and conceptual base for the remainder of the research. 
Phase Two--Selection of Sites for Detailed Study 

Phase two, which occupied the period mid-March to mid-May, was used to 
select specific field situations for anlysis and to develop methodologies 
for undertaking those investigations. The field sites were of two types: 

(1) a sample of seven townships distributed across the province within 
which drain-level surveys were to be undertaken. This sample was designed 
to provide fairly "typical" province-wide coverage, as well as allowing for 
the investigation of several broadly-defined problems. (2) Specific sites 
where special problems, particularly those related to land-use competition, 
had been identified. These sites represented in no way a random selection, 


but rather particular problem areas. A number of research methodologies 
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were developed during phase two, the most significant being the fomulation 
and testing of a standard farm-level questionnaire, 
Phase Three--Field Investigations 

Phase three occupied most of the period from mid-May to mid-August. 
Activity centred on the completion of the property-level questionnaires and 
on the analysis of special sites where land-use conflicts were evident. 
Phase Four-~Evaluation of Results and Preparation of Final Report 

The final stage of the project, which terminated on September 15, was 
devoted to the analysis of questionnaire and other data, the determination of 


conclusions, and writing. 


1.3 Organization of the Remainder of the Report 


The following chapters describe in detail the various procedures and 
findings of the four stages of research. The overview of drainage activity 
in Ontario, on which much of the work in phase two is based, is presented in 
Chapter 2. Chapter 3 describes the picture of drainage impacts and relation- 
ships at two scales which emerged following the survey of the Ontario situa- 
tion as well as descriptions of sites out of the province. Chapter 3 is 
strongly conceptual or theoretical, tracing the kinds of drainage impacts 
which are expected on the basis of considerable scientific but limited 
empirical inputs. As such, it points to the kinds of data that are required 
for confirmation in the real world, some of which can be gathered easily, 
and some of which are impossible to obtain in the short run. In short, Chapter 
3 provides the framework against which the surveys described in later chapters 
were undertaken. Chapter 4 describes the technical details concerning the 
ways in which regions, drains, and properties were selected for analysis, 


the kinds of data obtained, and the methods used for analysis. Chapter 5 
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describes the "agricultural" benefits and costs associated with sample drains, 
and Chapter 6 reports findings on the "environmental" impacts of drain con- 
struction. Chapter 7 presents an analysis of situations where drainage 
projects have given rise to conflicts between different types of land users. 
Chapter 8 presents the researchers’ suggestions for alternatives to the 
current land drainage legislation, and Chapter 9 provides for final con- 


clusions and reflections. 
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Chapter 2 


AN OVERVIEW OF DRAINAGE EXPENDITURES IN ONTARIO, 1964-72 


2.1 Introduction 

As a part of phase one of this project, the inventory and hypothesis 
formulation phase, the researchers undertook an overview of expenditures 
on government assisted land drainage projects for the period of 1964-72. 
The aim of this overview was to provide background information on both 
the magnitude and regional distribution of drainage activity. 

The basic data sets employed in the overview were the Government 
of Ontario records of expenditures in the form of grants to nunicipalities 
under The Drainage Act, and in the form of debenture purchases under The 
Tile Drainage Act. The data were compiled at the township level and were 
presented in a series of maps for expenditures in the southern part of 
the province and in tables for expenditures in the northern part of the 
province. 

This chapter includes four major sections. Tne first section is a 
summary of the various government programmes which have provided assistance 
for land drainage during the period 1964-72. The second and third sections 
detail the regional patterns of government expenditures under The Drainage 
Act and The Tile Drainage Act, respectively. In the final section, a dis- 


cussion of the regional patterns of drainage activity is presented. 


2.2 Government Assistance Programmes for Land Drainage During the Period 1964-72 


Government assistance programmes for the drainage of agricultural 


land under The Drainage Act and Tne Tile Drainage Act were in effect 








perenne — oa wstvreve 6 oils aut —— esse * 
gM Algo ne a3 en to oo} ona ad eomatbnogey io en 
— ‘ineaborn: wseaily ted: niwanedeh do: ao odd en baa Jah sate 
brew orw sowed qitaoued sont a baktgnws etaw ainb eat —— 
fe ata ans im oa eid nt ebtutioanqxe 02 etpue Ro) eotiee 6 aia 


“ta to Dany ——— vit ok apna thangs, 102 astdas ak baw ont 


& 82 pohIoen Seat) si ennu taast votes u08 eobulsak soaquds ta, 
oat tees bobkvend over Hake seem g0% trang —— ods * J 


amok serge bila’ bas hanes’ mit sTodoes potted ang gairub opanteth. * — *— 
Aa oth vebow suquaibaagee tnenravex io #N%93 tEq tanodges oily stab 





Bai S ,roiioon Lent? eid nt .vlevtssogagy: «doh 





dcerutivotias lo anki Sere — kemmnraorg sonesebase cnr av60 


aasite al as A asa Head sinks ° 





throughout the 1964-72 period. In addition to the above continuing 
programmes, several other programmes of supplementary assistance were 
made available for shorter periods of time. The supplementary programmes 
included special grants under A.R.D.A. and from the Ministry of Agriculture 
and Food. Each of the drainage assistance programmes is discussed below. 

(a) The Drainage Act. The Drainage Act of 1962-63 (S.0. 1962-63 Chap- 
ter 39) as amended up to 1970 and as revised in 1972 (R.S.O. 1972 Chapter 
139), provides for provincial government grants to assist the construction 
of municipal drainage works on agricultural lands. This act provides for 
the payment of grants amounting to 33 1/3 percent of the cost of drainage 
works constructed in a county, 66 2/3 percent of the cost of drainage 
works constructed in a territorial district or a provisional county, and 
up to 80 percent of the cost of drainage works constructed in a territory 
without municipal organization. The above grant programme was available 
throughout the 1964-72 period. 

(b) The Tile Drainage Act. The Tile Drainage Act of 1960 (R.S.O. 
1960 Chapter 399) as amended up to 1970 and as revised in 1971 (S.0. 1971 
Chapter 37) provides for assistance in the construction of on-farm tile 
drainage. Assistance under this act is in the form of provincial govern- 
ment purchases of low-interest debentures from municipalities so as to 
enable municipalities to loan land-owners up to 75 percent of the cost 
of tile drainage. These loans are at low-interest rates and are to be 
paid back over a ten-year period. This assistance for tile drainage was 
available throughout the 1964-72 period. 

(c) A.R.D.A. Drainage Assistance. Under the federal-provincial 
A.R.D.A. programme additional assistance has been made available for munici- 


pal drainage work for agricultural land. Commencing on April 1, 1966 the 
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A.R.D.A. branch of the Ontario Department of Agriculture and Food made 
available a grant of 33 1/3 percent in addition to the grants under The 
Drainage Act for drainage works constructed in the eleven counties of 
Eastern Ontario. On January 1, 1967 this grant programme was extended 
to include all of the counties in Southern Ontario. This programme 
continued until December 31, 1968 when it was cancelled due to a lack of 
funds. Since January, 1968 A.R.D.A. drainage grants have only been 
available in the eleven counties of Eastern Ontario. 

A special case relating to the A.R.D.A. grants for municipal drainage 
applies to projects in parts of nine townships; West Luther, Proton, East 
Luther, Arthur, Egremont, Amaranth, Melancthon, Artemesia, and Osprey; 
in the counties of Grey, Dufferin and Wellington. This area was the 
subject of a special A.R.D.A. study of drainage in the Micro-drainage area 
which is the source of several major river systems. This study was not 
completed until late in 1965. When the A.R.D.A. Drainage assistance 
programme was cancelled at the end of 1968, the municipalities located 
within the Micro-drainage study area requested an extension of the 
A.R.D.A. assistance on the basis of their claim that they had not been 
able to fully utilize the programme prior to the completion of the 
Micro-drainage Study. Their request was granted and A.R.D.A. grants 
of 33 1/3 percent of the cost of drainage works were made available in 
this area for projects petitioned after April 1, 1971 and for which 
engineers were appointed prior to March 31, 1973. 

(d) Special Agricultural Drainage Assistance. When the A.R.D.A. 
assistance programie was suddenly cancelled at the end of 1968 for 


most of Southern Ontario, many municipalities were in the process of 
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initiating projects which had been petitioned by farmers expecting the 
A.R.D.A. grant. In June 1969 the Ontario Department of Agriculture and 
Food undertook to pay an additional grant of 33 1/3 percent on all 


drainage works petitioned prior to the termination of the A.R.D.A. pro- 


gramme but which were constructed too late to qualify for assistance 4404 
— — 4 


under that programme. In effect, this special Gssistance meaht that 
all drainage projects petitioned after April 1956 and before December 
1963 were eligible either for the ARDA grant or the Special Assistance 
Grant of 33 1/3 percent in addition to The Drainage Act grant of 33 1/3 
percent. 

(e) Capital Grants for Farin Development Prosramne. In April 1967 
the provincial government introduced the Capital Grants for Farm Develop- 
ment Programme. This programe provided for grants of 33 1/3 percent of 
the cost of drainage or permanent agricultural structures up to a maximum 
of $10U0 per farmer. In 1971 the rate of assistance under this programme 
was increased to 40 percent up to a maximum of $3000 per farmer. Under 
this programe it is possible for a farmer to obtain a grant towards the 


cost of tile drainage on his farn. 


2.3 Grant Expenditures Under the Drainage Act, 1964-72 

In tnis section tne amounts and regional distribution of provincial 
government expenditures in the form of grants under The Drainage Act 
are discussed. It is pointed out in tne preceding section that grants 
amounting to 33 1/3 percent of tne total costs are paid on municipal 
drainage works on agricultural land constructed within counties, 66 2/3 
percent of the total cost on works constructed in territorial districts 


or provisional counties, and up to SO percent of the total costs of 
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works constructed in unorganized territories. The grants under The 
Drainage Act are examined both in terms of the provincial total annual 
expenditures for the period 1962-72 and on the basis of the township 
by township variations for the period 1964-71. 

(a) Annual Drainage Act Expenditures, 1962-72. The graph, Figure 
2.1, details the total grants paid under The Drainage Act for each year 
during the period 1962-72. During the first four years of the period 
the expenditures decreased slightly from a total of $751,194 in 1962-63 
to $567,405 in 1965-66. In 1966, the annual expenditures began to 
increase rapidly through the four-year period to 1969-70 in which the 
total amounted to $3,493,000. This expenditure level of 1969-70 was 
maintained through the next two years before the total dropped off to 
$1,382,185 in 1972-73. The variations observed in the magnitudes of 
annual expenditures of grants under The Drainage Act can be related to 
the other municipal drainage assistance programmes which were in effect 
for portions of the eleven-year period. 

The two most significant programmes of additional assistance for 
municipal drainage were the A.R.D.A. Drainage Outlet Assistance Programme 
and the Untario Department of Agriculture and Food's Special Agricultural 
Drainage Assistance Programme. The A.R.U.A. programme provided for a 
drainage assistance grant of 33 1/3 percent to be paid on all drainage 
works located in thie counties of the southern part of the province and 
which were petitioned after April, 1966 and constructed prior to the 
termination of the programme on December 31, 1963. Since December, 1963 
the A.R.D.A. assistance has been available only in Eastern Untario. When 


the A.R.D.A. assistance programme was terminated, the Ontario Department 
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Figure 2.1 


EXPENDITURES IN MILLIONS OF DOLLARS 
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of Agriculture and Food initiated the Special Drainage Assistance Programme 
which provided grants of 33 1/3 percent for projects petitioned under the 
A.R.D.A. programme but which were constructed too late to qualify for the 
A.R.D.A. grants. 

The relatively stable level of expenditures under The Drainage Act 
for the years 1962-63 to 1965-66 corresponds to a period when only the 
assistance provided by The Drainage Act was available. The period of 
1966-67 to 1969-70 in which grant expenditures increased sharply 
corresponds to the period during which the A.R.D.A. programme and the 
provincial government's Special Drainage Assistance Programme provided 
additional grants. The period of levelling off from 1969-70 to 1971-72 
corresponds to a period when projects petitioned prior to December, 1968 
were still eligible for grants under the Special Drainage Assistance 
Programme but when newly petitioned projects were only eligible for The 
Drainage Act grants. The final year, 1972-73, in which expenditures 
fell off, is a year in which most of the projects constructed would 
have been eligible only for grants under he Drainage Act. In summary, 
the graph, Figure 2.1, illustrates quite clearly the effect of additional 
assistance programmes on tiie amount of drainage undertaken. While there 
is a time lag effect the initiation of the A.X.D.A. and Special Assistance 
Programmes corresponds to a period of rapid increases in expenditures; 
and the termination of these programmes corresponds to a period of 
levelling-off and then reduced expenditures. 

(b) Drainage Act Expenditures By Township 1964-71. In order to 
obtain an overview of the regional patterns of drainage expenditures, 


an analysis of the annual expenditures at the township level was under- 
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taken. The period of 1964-71 was selected for analysis in order to 
include the 1964-66 period during which expenditures were relatively 
Stable, the 1966-69 period of rapid increase, and the 1969-72 period 
of renewed stability. It was hoped that an analysis of grant expendi- 
tures at the township level over the eight-year period would reveal 
the regional trends in drainage activity. 

The basic data employed in this analysis were the annual total 
of grants under The Drainage Act paid to each township in the province. 
The initial stage of analysis involved the mapping of these expenditures 
for eacn of the eight years. The resulting maps provided an overview 
of expenditure patterns but were limited in their usefulness by extreme 
year-to-year variations in expenditures, particularly in areas of limited 
drainage activity. In order to better summarize the pattern, average 
annual grant expenditures by townships in the southern part of the province 
were calculated and mapped for the three year periods 1964-65 to 1966-67, 
and 1969-70 to 1971-72. The former period corresponds to the timespan 
prior to the rapid increases of 1967-69 while the latter period corres- 
ponds to the years of renewed stability after the increases (Figure 3.1). 
The maps of these three-year average expenditures have been reproduced 
as Figures 2.3 and 2.4 and form the basis for the discussion of the 
patterns of drainage activity. Data for expenditures in the northern 
part of the province have not been mapped but are summarized in Table 2.1. 
Figure 2.2 is a reference map of county locations. 

The map, Figure 2.3, illustrates the pattern of average annual 
drainage grants for the three-year period of 1964-65 to 1966-67 for town- 


ships in the southern part of the province. The pattern of drainage 
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TABLE 2.1 


PROVINCE OF ONTARIO MUNICIPAL DRAINAGE GRANTS UNDER THE DRAINAGE ACT TO MUNICIPALITIES 


IN NORTHERN ONTARIO 1964 - 1972% 





DISTRICT MUNICIPALITY** 1964-65 1965-66 1966-67 1967-68 1968-69 1969-70 1970-71 1971-72 





Algoma Thessalon ~ 837 - ~ - - - = 


Nipissing Caldwell - - - - - 7,337 20,174 64,825 
Springer * - - - - - cyagd 2agcre 


Rainy River Alberton — > - 635 ~ ~ ~ 

Atwood - ARS 1S Ae Ms Peas be A HW — - 

Blue - ~ ~ - 786 33/42 _ 1,445 
Emo - ~ ~ 2 0 Se We — 
LaVallee ~ ~ — — — 
McCrosson - — i AE ge mm 1,433 1,537 ~ - 

Tovell 

Morley - - 140 O00 a. or 9,263 963 2,449 
Worthington - ~ 23945-25105 829 1,006 ~ — 


Sudbury Casimir 


Jennings 
hen talay 26,509 


! 
to 
“w 
wn 
wn 
~N 

j 

J 

t 

j 

t 


Timiskaming Armstrong - - - - - 24,815 962 ~ 
Dymond ~ - - - 792 ~ J - 
Harley - - - - ~ J 8,093 
Kerns - - ~ - ~ - 10,520 ~ 





* All values are in dollars. 
** Qniy municipalities with Municipal Drainage Grants have been listed. 


Source — Ontario Public Accounts 1964 - 1972 
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activity during this time can be described as indicating two major 
Agot⸗ of activity, one in Southwestern Ontario and the other in Eastern 
Ontario, with a few smaller areas in the counties of Bruce, Grey, Dufferin, 
Wellington and Simcoe. In interpreting the map it is important to recog- 
nize that the expenditures detailed on the map are all for municipalities 
located within counties and, therefore, represent grants of 33 1/3 percent 
of the total costs of the projects. In the Southwestern Ontario region 
of drainage activity, twelve townships received between $10,000 and 
$20,000 in average annual grants under The Drainage Act. Within the 
Eastern Ontario region only two townships received average annual grants 
over $5,000. The map also reveals a large region with no municipal drain- 
age activity including the area around the western end of Lake Ontario 
and the area east and north from Toronto. 

The grant expenditures under The Drainage Act for municipalities 
in the northern part of the province are summarized for the entire 
1964-71 period in Table 2.1. In this part of the province the munici- 
palities receiving grants are located either in provisional counties or 
territorial districts and therefore receive grants of 66 2/3 percent of 
the cost of drainage. The data in the Table indicate that during the 
1964-66 period only six municipalities received grants, and of these only 
two received an average annual grant of over $5,000. 

The second map of grant expenditures under The Drainage Act, Figure 
2.4, details the average annual grants for the three-year period 1969-70 
to 1971-72 by townships for the southern part of the province. The pattern 
of drainage activity is similar to that of the 1963-67 period with two 


major areas of activity, one in Southwestern Ontario and another in Eastern 
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Ontario, and more isolated activity in the counties of Simcoe, Ontario, 
Victoria, and Prince Edward. Both the area of activity in the southwest 
and that in the east are larger than for the previous period with 

the former area being extended north and eastwards and the latter area 
being extended north and west. The most significant change from the 
earlier period relates to the magnitudes of the expenditures. In the 
area of drainage activity in Southwestern Ontario, five townships received 
average annual grants of over $60,000 and 29 other townships received 
average annual grants in excess of $30,000. In Lastern Ontario five 
townships received average annual grants of over $20,000. Again a signifi- 
cant lack of municipal drainage activity is observed in the area around 
the western end of Lake Ontario and in the area to the east and north of 
Toronto, although there was some activity in isolated townships in the 
counties of Ontario, Victoria and Prince Edward. 

The data in Table 2.1 on grant expenditures in the northern part of 
the province indicate only limited activity in the north during the 
1969-72 period. Only eleven townships received grants during the period, 
and of those townships only one received an annual average grant of over 
$30,000 and one other above $5,000. Grants in this area represent 66 2/3 
percent of the total cost of the projects. 

In order to better illustrate the changes in the amount and regional 
patterns of grant expenditures under The Drainage Act during the 1964-71 
period in the southern part of the province, two further maps were pre- 
pared. The first map, Figure 2.5, shows the percentage change in the 
average annual value of Drainage Act grants to townsnips between the 


period 1964-67 and 1969-71. The second map, Figure 2.6, shows the actual 
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increase inthe average annual value of municipal drainage grants to town- 
ships between the periods 1964-67 and 1969-71. 

The map, Figure 2.5, of the percentage changes in the value of grants 
under The Drainage Act illustrates the relative changes in expenditures. 
Only a small number of isolated townships actually experienced a decrease 
in the level of expenditures and in no case were these townships which 
had received large grants during the 1964-67 period. Most of the townships 
with the highest percentage increases, those shown on the map to have 
increases greater than 5,000 percent, are associated with areas of new 
drainage activity which received no grants during the 1964-67 period 
but which did receive grants during the 1967-71 period. These areas of 
new activity illustrate the spread of drainage activity out of the two 
established drainage regions of Southwestern Ontario and Eastern Ontario. 
The new areas of drainage associated with the Southwestern Ontario region 
form a crescent-shaped pattern including townships in the counties of 
Bruce, Grey, Wellington, Waterloo, Brant, Wentworth and Norfolk. The 
new areas of drainage associated with Eastern Ontario show a spread of 
activity west and north into townships in the counties of Grenville, 

Leeds, Lanark, and Renfrew and the Regional Municipality of Ottawa-Carleton. 


Other areas of new activity include isolated townships in the counties of 


‘The term "new" as applied to drainage activity in this chapter is a rela-~ 
tive term indicating activity in areas which did not receive grants early 
in the 1964-71 period but which have received grants later in the period. 
This use of "new" should not be confused with the distinction between new 


drainage works and the reconstruction of existing drainage works. 
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Haldimand, Peel, Simcoe, Ontario, Victoria, Hastings, Prince Edward and 
Lennox and Addington in the Lake Ontario area and in the areas of Nipissing 
South and Manitoulin Island farther north. In interpreting the map of the 
percentage increases in grants, it is important not to overlook the large 
number of townships located within the established drainage areas of 
Southwestern and Eastern Ontario which experienced large percentage in- 
creases in the range of 500 to 5,000 percent. In terms of the absolute 
increases in expenditures under The Drainage Act, it is in these areas 
where the greatest activity has taken place. 

The fourth map in the series related to the expenditures of grants 
under The Drainage Act, Figure 2.6, presents data on the actual increase 
in the average annual grant expenditures between the periods 1964-67 and 
1969-72. This map clearly shows where the maximum increases in the 
absolute value of grants have occurred. These maximum increases are 
largely concentrated in the southwestern drainage area, particularly in 
Lambton and Middlesex counties with lesser concentrations in Essex, Elgin, 
Huron, Bruce and Perth counties. With only local exceptions, the magnitudes 
of absolute increases in the value of grants in £astern Ontario are much 
smaller than those in the southwest. The absolute increases in other areas 
of the province are relatively insignificant when compared to those in the 
two major areas. 

The four maps relating to grant expenditures under The Drainage Act 
illustrate the concentration of drainage activity in the regions of 
Southwestern and Eastern Ontario. The areas of new drainage seem to 
correspond to the fringes of these established areas. In terms of the 
absolute values of expenditures the predominant position of Southwestern 


Ontario has been well established. 





| bs . oe, it, * martes Kins — —— ———— on, ‘08 to egast ods! ie , 
‘i : me mies an bie hl ddA * i vane CLES ‘ebm eearhnen · oe , 





tae Tarsoed ebotrag outa, — ———— snag Leung —— 
ON eget Bt peauezont enum Lena — —* sorta uitects ona etut is J 








a ome. agtattions rumen gaat bs · nusoo oven — to sulev out as : 9 


erty ka — ok ewotsarin: ons — —X ‘vattnues xsvelbbi brs | 
aebutingas weiz vanokaqoaxe * yd, ino —2 —DR gia bere acute —— 


Asean wits, olin ged —— oom tines tw —— ois at eoedoromt atufeatia to i J 





VESTS hic os geen rst sautoade Sut besuaauoe ‘erty ne sleet comets 


ony. nk —* 03 Destaqnos nsuiw susoattnptent efoviteloy ‘9%6 boalvoꝛg ae 


22 sh oxenterd + et tebay sams theses soeay od griitelss eqsm. x0} alt : — i 


de. ecrota. Siig md yalviton: suscieah to nokiez3ns5009 ott — ty ; 

bs 6s mee agnnteth. wont io enous ott sobis3H0" arsten8 bn nt | P 
ods * Boarrsy ok — E botert asab⸗ oeody ‘ta ‘waghths? ‘oil ot bine 
Pind esurtnaiee io nolslsey seantooting —2 —————— to wading? 
| "hese ides Sisw ceed eit aha 


ie ae | ite Ae 
aD) wae ON ‘ : 7 ha i ron e J os : ; if 7 
TALE we 4] ae nal is eeu eae baa Bron ies 7 aan 


23 


2.4 Debenture Purchases Under the Tile Drainage Act 1964-72 


In this section the amounts and regional distribution of provincial 





government expenditures in the form of debenture purchases under The 
Tile Drainage Act are considered. As discussed in Section 2.2 of this 
report The Tile Drainage Act provides for assistance in the form of 
low-interest debenture purchases by the province from municipalities in 
order to enable municipalities to make low-interest loans to landowners 
completing tile drainage projects. The loans can cover up to 75 percent 
of the total cost of tile drainage. While the values of such loans do 
not always represent 75 percent of the total cost of the tile drainage 
projects, it is assumed that the available data provide a relative indi- 
cation of the amounts and patterns of expenditures on tile drainage. 
While the primary purpose of this report is to study municipal drainage 
projects, this section on tile drainage has been included as a basis for 
consideration of the relationships between the patterns of expenditures 
on the two types of drainage. 

(a) Annual Tile Drainage Ixpenditures 1962-72. The annual totals 
for provincial government purchases of debentures under The Tile Drainage 
Act for the period 1962-72 have been plotted on the graph, Figure 2.1. 
The pattern of expenditures indicates a gradual increase of expenditures 
during the period 1962-67, a period of more rapid increase in expenditures 
from 1967-70, a levelling off to 1971, and a falling off in 1972. This 
pattern of expenditures is quite similar to that described for expenditures 
on municipal drainage under The Drainaze Act (See Figure 2.1 and Section 
2.3a), with the expenditures under The Tile Drainage Act exhibiting a 


slight lag behind those under The Drainage Act. ‘This lag is easily 





yin —9 he) 





— 9 Le — ay ts 
Pring ; ald 3— soma 


; J roy = oh ee oe 9— —* JF ek eat ai aon — ane iota — 




























99 ST 9 uy ue ; a Ny 
nia — * — — —* 49 a Chan J 
UN Hic Ai Ne i Pe nT ee a Bea agli J 
‘ah pa gost sonivenq silt Wd + ———— Le 
ty aN Naan A gh aes) Wee ies 1 vite Wa ta J 
srwobred od * desrstatvol sien 02 gotsit chown Ata > Oe 


‘ vay ‘ke 9 — el te, digs Tt ane ani ty bea Sioa s ‘ai 4 ii 
— & 69 0 100 nao emnol et —— b 2. 

mh ‘a May uy LD LE Oy 

ob eneos Howe 10 Slen ova oka .ogenkesb ‘tis. 20 3e0> 


Ae CLAS lk a ay J66 


opeabeal atts af — ** J oaty to aueorag zt —— 


! 
J if ea 


i J 
— aario & obteorg azub oldolieve * gars bomuaas, ak 32 eleꝛa 
ne | -ognnkwab eit’ mo aeruakbases Io eoroa3eq bas —9 * ‘to nokane ) 
| oguntasb Lsqiotave ybude eh sx0ge ‘eka So oeaqzug ieasg ois usa 


i atend & 26 bobutont road aed enunkoab eiia so nobizee sida ceaoatom 





4's 
WLI al 


soruatinogns * — ——— raowand eqtiishotasLex oid ke oolabablenen 
—J9 to Boqy3 ‘owt a HO 


piaads Touone sc? |; — ——— ogantex @ ofiT re 

sgentexU efit aul nybms estutaadsb Bo gonnioig snomriaveg Lstomivesg 26% 

48 onught aana orld tte ) beasolg nved evel St-SeCk bokreq afd FoR Agh 

. aerottbroque- * alae’ faubats 8 —9 29309 — to nzejisq eat 

wsrustbneqxs ak oesaxsnt biqes stom to bolteq s ,to-S0el boiteq edd gakvub 

aid .StCL at 220 gnblio3 6 bine <fStl 09 Ho gabiiovel 8 OF-FaGL woxd 
eerus tbrsqcs tol bodiypesb Isii3 oF reLiate stiup ek eotudtbasqxe to arsaatũ 

Hokzoe2 bag £,8 exugit 922) 390A gusntexd ont sobow ogsnterh Leqtolauin #0 

& gatzididxs toh, — ol iT oft ‘Seba eurug thaagxs oils sidhw ufet.S 

yiieso al gal sist ie ok szanteyd adt ashe seodd batded gel jegtle 


io 


24 


explained in that on-farm tile drainage projects are likely to follow 
the installation of municipal outlet drains. The graph of tile drainage 
expenditures does not exhibit the extremely sharp breaks in slope which 
are associated with the municipal drainage expenditure graph. This 
difference can be attributed to the fact that the initiation and cancel- 
lation of the A.R.D.A. Outlet Drainage Assistance Programme did not 

have the direct impacts on tile drainage activity that it had on municipal 
drainage activity. On the basis of the graph, Figure 2.1, one may advance 
the hypothesis that in general terms the tile drainage expenditure pattern 
for 1962-72 is closely related to the municipal drainage expenditures, 
with the municipal drainage activity in most cases triggering subsequent 
tile drainage activity. This hypothesis is further examined in the follow- 


ing sections which involve tne discussion of the regional patterns of 


expenditure under The Tile Drainage Act. 
(vb) ‘Tile Drainage Act Expenditures by Township 1964-71. In order 


to provide a basis for a comparison of the regional patterns of expendi- 
tures under The Tile Drainage Act and The Drainage Act an analysis of 

the annual township level expenditures under The Tile Drainage Act was 
undertaken. This analysis was quite similar to that described in Section 
2.3b for The Drainage Act expenditures. The period 1964-71 was selected 
to correspond to that considered for The Drainage Act and to include the 
1967-69 period of rapid increases in tile drainage activity. The basic 
data employed were the annual totals for provincial government purchases 
of debentures under The Tile Drainage Act from each township in the 


province. The initial stage in this analysis involved the preparation 


of maps of the tile drainage expenditures for each of the eight years. 


oY i Cee it Pe 

2 ‘ —0 ee we <2 ‘ 

es i me 
{i ; mt ie A 

Mi ) Ay Wi 


— ha 

*— on 4 

ie sti a Ohne 
* — OG Rina 


* sae eur 
per Baap 
om gual me 





| sunited wise 4 parisien, —— * —E— lee, —— 
J Aberen —— ons a noipsipedih oi evileving — 





——— ib emoaseq —— aula * roelzeqeos 2 ea —— obamn 08 
any 2 tame: us art “pepe: Mie vibncees favet —— ern 
gpok¥ook | ni hadl woeeb bin ‘90 eS teike 224060 sew eleylans ed .desladtebay 






bstvelee wav INC botreq oil  -evxuitbaeqxe Jos spenhes est set dt.8 
adi sbuisat ot bom Joh 99ankeud ont tol bersbienos.tad3 of Beoqasgage 2 | 


otaed off .yatvhrye ogeoterh olli nt esesotonk btqsz de botyeq e)-TaeL 
easadorngq jnvmesovoy dafonivosg 203, elsto3 isunse sid siew beyolque. adab. 
of3 at qiviaiwo2 fone n02) Jak sxasies(l itt off sabes esaysaedsb\2o 
aoksnrejong $3 bovioym) eteylons abt ak egaze debsknt aft «eonlvorg 


-StHsy Jiiyto ont Jo foas sol, aetwdtbasqns spenkerh efl2 eit, Jo equm 20 


25 


In order to provide a basis for a comparison with the maps for The Drainage 
Act expenditures and to overcome the extreme year-to-year variations of 
expenditures in some areas, a series of four Summary maps were prepared. 
These four maps which are directly comparable to those included in this 
report for The Drainage Act expenditures, are maps of the average annual 
expenditures on tile drainage debentures for the three-year periods 
1964-66 and 1966-71, Figures 2.7 and 2.8 respectively, and maps of 
percentage differences and actual increases in tile drainage debentures 
purchases between the two periods, Figures 2.9 and 2.10, respectively. 
Figure 2.7 is a map of the average annual value of tile drainage 
debenture purchases by township in the southern part of the province 
during the period of 1964-65 to 1966-67. The map reveals a pattern 
of major activity in Southwestern Ontario and lesser amounts of activity 
in the counties bordering the shores of Lake Huron and southern Georgian 
Bay, in the Niagara Peninsula, in a band along the north shore of Lake 
Ontario, and in Eastern Ontario. The largest expenditures are concentrated 
in Southwestern Ontario, particularly in the counties of Essex, Kent, 
Lambton and, to a lesser extent, in Middlesex, Huron, Perth and Elgin. 
Figure 2.8 is a map of the average annual value of tile drainage 
debenture purchases by township in the southern part of the province for 
the period 1969-70 to 1971-72. The regional pattern of expenditures is 
quite similar to that for the earlier period as illustrated in Figure 
2.7- The magnitudes of expenditures are notably larger than during the 
earlier period. The major center of activity is still the southwest, 
particularly the counties of Huron, Perth, Lambton, Middlesex, Essex, 


Kent and Elgin. There is a considerable increase in activity in Eastern 
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Figure 2.8 Average Annual Value of Tile Drainage Debenture Purchases by Townships in Southern Ontario 
For the Period April 1, 1969 to March 31, 1972 


i 
J 
‘i 
igh? 
J 
i i 
ieee. ; 
» A 
ict 
a 
i x i 
at 
f 
Tr ca) 
ae 
a 
Bt a 
6 
2 ai) 
’ J 
9 pe. 
Ay J a 
o My, 
9 J 
190 J J 
J ib, i 
i 
7 - J 
4 Me ah Ns. |, 43 
j 
LAME i 
ee i! ‘ 
iva a ¥ 
aT wh A J 
i F J F 
ing ein ; 
1" de - 
WAN : 
9 Vi J i 
fy i 
Y 1 ae 
aR | [i 
J 
9 a 
th 
‘ f 
Pi) ue, g 
a J i 
by 4 
— 
Dy: 
Cs eo 
é oi 
* iis 
Rien 
* 
4— 
J 
ra a4 
a 


a 


: 
Ne 
J 
gt 


4 
8 
~ 
o 
— 
& 
41g 
¥| 3 
cos] 


. . wee 
4] ih Se ad 
va Pie Se a 
es Nia 





28 






< : 








Be ws< RQ oot-s Ve 
2 000'S-100'1 (i ot , 

= onv't-10s [_] 0 
YA ws-t01 L:] o> 
(%) 





ANG 
se Yr 


Sons 
— 


— 
See 
% 


—88 —S 
4 


———— 
—— 








9 ee 
Letsaeta 
mags ee east 
ge Wet nenes Cn 
——— 


ZL6I ‘IS YOLEN oa 6961 ‘I Ttadv pue 4961 ‘TE YoreW oa HOGT “T Itady spotieg oua uoauaog OTIeJUD UTEYINOS 
ut sdtysumoy Aq soseyoing oanausqod eseutTeig oTTL FO onten Tenuuy aBeIOAY OY} UT OBuUeYD eSeqUS.IEg 6°2 SuNdTY 








. eerie" Mt sivtes ni igungA ogsievA-sd3 mi sgned) egasacors4 @.8 ough? 
JE sorte wei i Liaga bos boGi .f LixgA eboiied ed} nsewitsd citesa0-erodduee 


> as > 


~“ 


~o- 
rs 


a Lam 
oe 
Bis iy 


—* 
Vy 


iru ® a =o) 
rey) we > 
J 
4 J Py tp 
At 
rn 


ee 9 
, Way 











Be www < A 000'ot-t00's rea 
BS 000'0r-100'0e F-] 000'S-1 


eran erete 
OO 






— 












GI} © ooo'oe-ido' de . +a 





— KS 












£2] 000'0e-100'0r [=] o> — ye Om — 
(sie09 vn See {lice 
SO ee 
a nee | 








see WE ill 
Ge | 39 , 














BIE woe 
— 
ON 





<= }+___ 














N eons 
—— 


8 
— REO 











— —— 
Ge 


ZLET “TS YOTeW OF 6961 ST Tttdy pue Z96T ‘IS YOIeW 02 POET ‘T TIAdy Spotieg oua usonaog OTIeIUOD uaouanos 
ut sdtysumoy Aq soseyding ornausqoq e8euteig e[T] JO onTeA [enuuy oſstaony oua UT ostoaour fenaoy OI'*Z eindTy 





t 1 
i 
ry i 


j 

0 Meet Wee ; 7 

AVP 9 A Os ; / bi : 
At 1 a i J 


i : A, J 
Ai, 4 e Sgr 
¢ y ON Ae ne ‘ 
A 7)! ae cee 
\ 


= 
_\ > = 
* 


rcureea pA Lomiepyoe-gu 
= — a — oe — — 
— So = 
Ea — — — 
= ae ee - a —— 
= : =. 7 — a ‘ — 
Se gal ee = — —— — — 
— I ~ — — — an ne ——— 
— J a _ — — — 


ded to Winey ꝛ 


* soe 26 weep O77 aes wuq vbzIT 1 
yaks pepevrase 


yuUcress 


—— 


fod 
3 
& 
& 
: 
. 
* 
a 
fe 


4 





30 


Ontario as well as lesser increases along the north shore of Lake Ontario 
and in Simcoe county. 

The Tile Drainage debenture purchases for the municipalities in the 
northern part of the province for the entire 1964-65 and 1971-72 period 
are summarized in Table 2.2. Throughout the period only fifteen munici- 
palities took advantage of the programme, and in most cases the average 
annual expenditures were quite small. 

The final two maps presented in this section, Figures 2.9 and 2.10, 
illustrate the regional patterns of percentage and actual increases in 
the average annual values of tile drainage debenture purchases. The 
highest percentage increases are again associated with areas of new 
tile drainage activity. These areas of new activity as identified in 
Figure 2.9 include townships in the counties of Huron, Middlesex, Oxford, 
Norfolk and Haldimand in the western part of Southern Ontario; in the 
counties of Grey and Simcoe, south of Georgian Bay; along the north 
shore of Lake Ontario; and in Eastern Ontario. Tue greatest actual 
increases in tile drainage activity as revealed in Figure 2.10 are con- 
centrated in the southwestern part of the province with a small secondary 
concentration in Eastern Ontario. 

The series of four maps relating to tile drainage have served to 
emphasize the absolute importance of the Soutnwestern Ontario region. 
Lesser amounts of tile drainage activity and new areas of activity included 
the Niagara Peninsula, the area south of Georgian Bay, the area along the 


north shore of Lake Ontario, and Eastern Ontario. 


25 Regional Overview of Drainage Activity 1664-1972 


In the preceding sections of tiis chapter the various government 
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TABLE 2.2 


PROVINCE OF ONTARIO TILE DRAINAGE DEBENTURE PURCHASES FROM MUNICIPALITIES IN NORTHERN 


ONTARIO 1964 - 1972% 








DISTRICT MUNICIPALITY** 1964-65 1965-66 1966-67 1967-68 1968-69 1969-70 1970-71 1971-72 
Nipissing Caldweil - ~ 3,200 1,500 — 
Chisholm - — 2,000 000 — 3,400 — 
Springer - - - 4,000 ~ - - - 
Timiskaming Armstrong - - - 8,200 6,700 16,900 11,300 16,400 
Casey - - 3,000 
Dack - - 6,200 - 2,100 - - ~ 
Dymond ~ 500 - ~ - 4,000 18,900 5,000 
Evantural - - 7,400 — 6,300 11,800 3,800 8,400 
Harley - ~ = ~ 6,400 - 13,600 6,000 
Harris - — - - = - - 1,100 
Hilliard - = - - = 7,500 4,500 4,500 
Hudson - — 21,500 “ — 
Kerns - - ~ ~ 17,206 5,000 32,200 16,100 
Chamberlain * * * - - - 4,500 
Rainy River Worthington - - - - - 9,000 ~ — 


* All values are in dollars. 
** Only municipalities from which Tile Drainage Debentures were purchased have been 


listed. 


Source: Ontario Ministry of Agriculture and Food, Food Production and Rural Develop- 
ment Division, Agricultural and Horticultural Societies Branch, October 1972. 
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drainage assistance programmes have been reviewed, and the magnitudes and 
regional patterns of government expenditures related to Tne Drainage Act 
and The Tile Drainage Act have been examined. In the final section of 
this chapter an attempt is made to present an integrated summary of the 
patterns previously discussed and to offer possible explanations for the 
relationships involved. The summary of expenditure patterns is presented 
on a regional basis; and an attempt is made to relate these patterns to 
recent trends in agricultural activity. 

During the early stages of this project, the researchers undertook 
an in-depth multivariate statistical analysis of the relationships of 
government drainage assistance expenditures to township-level agricultural 
Statistics as derived from the 1971 census. These analyses resulted in 
an unpublished background report (Freeman, 1973) which has served as a 
useful reference in the completion of this final report. The background 
report and the relevant data sets are on file with the researchers. 

Over the past two decades considerable changes have occurred in the 
agricultural production of field crops in Ontario. These changes include 
increases in the yields of most crops and shifts in the magnitudes and 
regional distributions of acreages in various crops. For the most part 
these cianges have been related to the development of new crop varieties 
suited to local conditions and tne use of more intensive soil and crop 
practices. A survey of the changes in crop yields and acreages by counties 
for the period 1948-1968 has been published recently (Dilamarter and 
McDonald, 1971), while McDonald (1972) has provided a detailed county- 
level analysis of crop patterns for 1966. 


In many areas land drainage activity has no doubt been an important 
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factor in the changing patterns of agricultural production. While it is 
beyond the scope of this report to provide a detailed provincial-scale 
analysis of the relationships of drainage activity to the changing 
patterns of agricultural production, an attempt is made to generalize 

on a regional basis the dominant trends. 

On the basis of the patterns of government expenditures on drainage 
under The Drainage Act, as revealed in Figures 2.3 to’ 2.6, and the 
patterns of expenditures under The Tile Drainage Act, as revealed in 
Figures 2.7 to 2.10, it is possible to identify several loosely defined 
regions of drainage activity. As a basis for the discussion which follows 
seven zones or regions of drainage activity have been identified. These 
zones are as follows: Southwestern Ontario, Southwestern Ontario Fringe, 
Southern Georgian Bay, Eastern Ontario, Niagara, North Shore Lake Ontario, 
and Northern Ontario. 

The Southwestern Ontario Region of drainage activity may be character- 
ized as including the counties of Essex, Kent, Lambton and the western 
parts of Middlesex and Elgin. This area has traditionally dominated 
Ontario agricultural production. It is in this area that the most signifi- 
caat increases in crop yields have taken place, and it is this area that 
dowinates in the acreages in field crops, particularly shelled corn and 
soybeans (Dilamarter and tfcDonald, 1971 and McDonald, 1972). As revealed 
in tne maps of drainage assistance expenditures this area has been pre- 
dominant in the patterns of drainage assistance expenditures for both 
municipal drainage and tile drainage. Over the period 1964-71 the region 
consistently received the largest amounts of sovernment drainage assistance. 


fhe second region of drainage activity identified is the Southwestern 
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Ontario Fringe area, which may be characterized as including a broad 

band of counties north and east of the Southwestern Ontario area and 

west of a line joining the southern part of Bruce County to Haldimand 
County. In both agricultural production and drainage activity this 

zone is second only to the southwestern region. The field-crop production 
patterns are warked by recent substantial increases in shelled corn 
production, particularly in the soutiern counties of Elgin, Middlesex, 
Norfolk, Oxford, Brant and ilaldimand. Fodder corn is grown generally 
throughout the area with wheat gaining importance particularly in Norfolk, 
and mixed grains being well established in tne northern part of the zone 
in the counties of Perth, Huron, and Waterloo. The maps of drainage 
expenditures indicate that while drainage activity has been prevalent 

in this area throughout the 1964-71 period, recent years have seen major 
increases in expenditures. 

The third region of drainage activity identified is that of Southern 
Georgian Bay, and includes the counties of Bruce, Grey, Wellington, 
Dufferin and Simcoe. During the 1964-72 period this area was the scene 
of a considerable amount of new drainage activity; the magnitudes of 
expenditures on drainage assistance increased significantly. During the 
same period agricultural production in this area showed a significant 
shift away from winter wiieat and into fodder corn production. While 
drainage expenditures in this region are not nearly as large as in the 
two previously discussed regions the sustained activity requires recogni- 
tion. 

The fourth region of drainage activity is that of Eastern Ontario, 


the area east of a line through Renfrew and Frontenac Counties. In 
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this area there has been a dramatic increase both in municipal and tile 
drainage expenditures during the 1964-1972 period. In terms of crop 
production the area has experienced an increase in the production of 
fodder corn while oats and hay remain of some importance. 

The fifth ana sixth drainage regions identified are Niagara and the 
Nortn Snore of Lake Ontario. These zones show the characteristic of being 
areas of considerable tile drainage activity but of only limited municipal 
drainage activity during the 1964-1971 period. It is suggested that this 
may be due to the topography of the areas which results in a denser net- 
work of natural water courses which may reduce the need for municipal 
drainage works. 

The final zone of drainage activity is that of North Ontario. The 
activity in this zone has been limited to a few local pockets including 
Manitoulin Island, the Lake Nipissing Area, the Clay Belt areas of 


Timiskaming, and the Rainy River District. 
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Chapter 3 


THE GENERAL IMPACTS OF LAND DRAINAGE ON LAND USE AND THE ENVIRONMENT 


3.1 Introduction 

The draining of land has a number of direct and indirect impacts, 
which can be generalized in three categories: impacts on (1) agriculture, 
(2) the "natural" environment, and (3) non-agricultural land uses (Fig. 3.1). 
The impacts on agriculture are quite well known, and have been documented 
On numerous occasions. The impacts on the natural environment and on 
"other" land uses are much less clearly understood, and have sometimes 
been either completely overlooked or the subject of controversy. The 
purpose of this chapter is to trace briefly the kinds of links that appear 
to occur between land drainage and each of the three major categories. 
Two rather complex diagrams (Figs. 3.2 and 3.3) are used to characterize 
these links, diagrams whose development has proved to be very useful in the 
design of this research project. Two diagrams are used in recognition that 
drainage impacts are felt at a number of scales, ranging from the individual 
property through to provincial or larger scales. To simplify the discussion, 
impacts at the local and a loosely defined "large" scale will be considered. 
It will be noted that the important impacts of drainage tend to be different 


for the two scales. 


3.2 Local-Scale Impacts 


(a) agriculture 
The farm-level effects of draining agricultural land have been re- 


cognized for centuries, and have played a vital role in the settlement 
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and economic development of Ontario. Theoretical analyses and field con- 
firmation of these affects have been described in a number of papers and 
reports, some of which refer to farming within Canada and Ontario (see, 
e.g. Goldstein, 1971, Menz, 1964, Norton and MacMillan, 1970, Clark, 1970, 
Des Rivieres, 1971, Dillan, Perish and Pervis, 1961, Heard, 1969, Irwin, 
1969, 1970, 1961, 1964, Irwin and Ayers, 1970, Roberts, 1950, TOPECON Group 
Limited, 1971, Kettel, 1973, Rigaux and Singh, 1973). The installation 
of drainage on a farm (i.e. a field underdrainage system which permits the 
removal of water from soil and carries it to an outlet which can remove 
the water from the site) will, if the soil is tillable and productive, 
change the basic agricultural potential of the farm. Normally the removal 
of water changes the Properties of the soil so that it becomes aerated 
and may, perhaps for the first time, be easily cultivated. Less dramatic 
impacts occur when such drainage removes sporadic wet spots within fields 
that are normally cultivated, or permits tilling and seeding to occur 
earlier in the spring than usual. Another positive impact occurs if 
harvesting may procede without being impeded by wet ground. The net 
positive affect of these impacts is to improve the productivity of the 
soil or, at least, to permit existing production to occur without the 
impedments of wet land. 

Improvement in productivity normally encourages one of two responses: 
(1) an increase in the yield of crops, or (2) a switch to more lucrative 
crops or rotations. Either response, of course, can have the affect of 
increasing incomes through sale of additional cash crops or additional 
livestock fed with the additional production. Since farm production is 


a complex system with many interrelated components, a change of productivity 
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should be associated with changes in other variables. Changes in the 
quantities and/or types of labour and capital could be expected to 
accompany radical shifts in production type or quantity (Found, 1971, 
Heady, 1952); and even changes in farm management practices might be 
required. For example, a common farm response to drainage installation 
in Ontario is a switch in crop production to corn. Corn growing, however, 
requires different amounts of labour throughout the year than many enter- 
prises which may have preceded it; and new types of machinery and, sometimes, 
structures must be acquired. The final effect of a change in the farm 
system is a change in farm income (gross and net), which should, in time, 
be reflected in a change in land value. If the enhancement in income 

and value is large enough, the competitive value of land for agricultural 
purposes also changes. This may lead to the movement of formerly non- 
agricultural land into farm land, either through farm enlargement or the 
establishment of new farms. Conversely, drainage could cause the farmer 
with limited resources to switch from extensive types of production 

which consume a large acreage to the intensive and more lucrative cul- 
tivation of a reduced area. 

Identifying the general categories of agricultural change is rather 
easy, since it can be deduced from standard farm-economic theory. But 
discovering the specific types and amounts of change is much more difficult, 
since it involves detailed field investigation. A thorough investigation 
would require several years of careful monitoring and record-keeping; but 
the researchers have attempted to make short-term estimates, primarily 
through the use of farm-level questionnaires. 

(b) environmental impacts 


The local-scale impacts of land drainage on the natural environment 
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are extremely difficult to predict. This difficulty is the result of the 
complexity of inter-relationships which underlie the functioning of the 
natural environment. In the diagram, Figure 3.2, the direct local-scale 
environmental impacts of land drainage have been generalized under three 
headings; changes in the water content of soil, loss of water reservoirs, 
and impacts on vegetation and wildlife. 

The primary purpose of land drainage is the removal of excess water 
from soil in order to improve its agricultural capability. The removal 
of excess gravitational water from the soil will result in changes in soil 
properties such as availability of capillary water, soil temperature, and 
soil aeration, all of which are beneficial to agriculture. When excess 
gravitational water is removed from a soil by drainage a lowering of the 
local ground-water table may occur and be reflected in water levels in 
wells and in some ponds. Therefore a reduction in the water content of the 
soil will result in changes in soil properties as well as possible 
lowering of the local ground-water table. 

A second important impact of land drainage on the natural environ- 
ment involves the loss of water reservoirs. In addition to the loss of 
temporary water reservoirs in the soil as described above, the potentially 
serious impacts associated with drainage of wetlands must be considered. 
The loss of wetlands may involve impacts on ground water levels, water 
quality, the magnitude and timing of stream flows (i.e. stream hydrographs), 
and on vegetation and wildlife. In many instances wetlands are located in 
areas of ground-water discharge or recharge, and drainage of the area will 
result either in increased discharge or reduced recharge, and, in either 
case, the lowering of the local water table. Wetlands may play significant 


roles as pollution filters in maintaining water quality downstream. Changes 
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in downstream water quality associated with wetland drainage may involve 
increases in the concentrations of stream nutrients and effects on various 
forms of aquatic life, including fish. Drainage of wetlands may adversely 
effect both the annual and storm hydrographs of streamflow. On an annual 
basis it is often suggested that wetlands reduce high flows and increase 
the low flows by storing water during spring and subsequently releasing 
flow during summer and fall. The hydrographs of individual storm events 
are affected in a similar manner with peaks being reduced as the water is 
stored and then released gradually. In both cases drainage of wetlands might 
be expected to result in increased magnitudes of flood flows and reduced 
low flows. The loss of water reservoirs associated with the drainage of 
wetlands may also have some impacts on vegetation and wildlife. Where the 
drainage results in a lowering of the water table vegetation may be affected 
both in terms of growth rates and changes in species composition. These 
changes along with the removal of open water result in the destruction or 
alteration of habitats for various forms of wildlife including waterfowl. 

A final impact of land drainage on the natural environment involves 
the direct effects of construction on vegetation and wildlife. Construction 
of drainage works normally involves the use of heavy equipment which requires 
a strip to be cleared through woodlots through which the drain passes. 
The swathes cut through woodlots may result in the destruction of valuable 
timber and of wildlife habitats. The construction process also exposes 
bare soil to erosion and results in increased sediment loads in streams. 
The removal of vegetation may also result in significant changes in water 
temperatures which can affect various forms of aquatic life. The final 
dimension of the impact of drainage on vegetation and wildlife is related 


to the possible connection between the natural ecosystem and its stability, 
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and the risk that ecological disruption may become greater. 

In concluding this brief overview of the impacts of drainage on the 
natural environment, it is important to recognize that one would not 
expect to find all the various impacts in every case. However, the 
far-reaching potential impacts of various activities, such as the use 
of stream water and ground water, fur-trapping, recreation, and lumbering, 
requires that the environmental consequences be given careful consideration. 

(c) Non-agricultural land uses 

An area which has received little attention concerns the impacts of 
land drainage, originally undertaken for agricultural purposes, on non- 
agricultural land uses. Of particular concern in Ontario is land use 
for urban development, recreation, conservation, forestry, and trapping. 
Drainage which benefits agriculture may either enhance or harm other 
uses within the drain's watershed; and it may change the competitive 
position of the various uses such that the areas they occupy undergo relative 
gains or losses. Beyond this very general statement, one can only give 
examples of possible impacts in the absence of evidence. 

Concerning urban land, agricultural drainage might have welcomed 
or unwelcomed impacts. On the positive side, drainage channels might 
permit unwanted water from nearby urban land to dissipate. In turn, of 
course, this could be detrimental to agriculture if the drains, designed 


"urban" water. Another 


for a limited farming area, became overloaded with 
affect of drainage would be to give agricultural land a new potential for 
urban development. The removal of water might be all that is required to 
make the land saleable to prospective urban purchasers. Many other hypo- 


thetical examples of this type could be listed, although the probability 


of their occurence in Ontario is unknown. 
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With recreation, conservation, trapping and forest land, too, the 
affects of agricultural drainage may be positive or negative. Drain 
construction may destroy wetlands and the habitats of wildlife used 
for trapping, hunting, and scientific observation. On the other hand, 
drainage might improve the health of trees and create a better habitat 
for animals, birds and fish. Again there are few generalizing principles 
with which to speculate, and very few documented examples. Any investiga- 
tion of these impacts must be on a fairly ad hoc basis. In this research, 
some evidence relative to the problem was obtained from the farm question- 


naires, and some was gathered in special field projects. 


3.3 Large-Scale Impacts 


(a) agricultural and non-agricultural land uses 

At the large scale (e.g. the Province) the aggregate effects of 
local drainage impacts give rise to a different set of relationships 
from those evident at the local scale (compare figures 3.2 and 3.3). Further- 
more, practically no scientific attempts have been made to measure these 
effects, partly because the data required for such a task are highly un- 
reliable or completely missing. This research makes little attempt to 
really measure the large-scale impacts, but it is important to be aware of 
their probable nature, particularly since this relates to general govern- 
ment policy-making, and could relate to changes in the land drainage 
legislation. 

Little can be said about the large-scale impacts on non-agricultural 
land use, except to expand the comments made in section 3.2 (c) to recognize 
that the quantities and qualities of land for recreation, urban purposes, 


conservation, trapping, and forestry can be affected by the amount of 
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agricultural land drainage. For agriculture, the relationships can be for- 
mulated more specifically. Generally, one expects drainage installation 
to lead to greater agricultural productivity and some change in the 
qantities and types of farm inputs. This affects the supply of agricultural 
products, the demand for inputs, and all industries and businesses connected 
with agriculture. The normal expectation is for increased production to 
lead to greater food supplies, lower prices for food, greater demands for 
agricultural inputs, and a general stimulation of many agriculture-related 
businesses. At the same time, however, lower food prices produce lower 
aggregate farm incomes in spite of higher production. This is explained 
by the fact that the demand for food is strongly price inelastic. As 
stated above, however, it is very difficult to measure these large-scale 
effects, particularly since price and income levels are affected by federal 
and provincial policies on farm and food subsidies, imports, and exports. 

(b) environmental impacts 

At the large-scale level the impacts of drainage on the natural environ- 
ment are quite similar to those discussed at the local scale. While many 
of the potential impacts discussed at the local scale may seem minor when 
viewed for a single drain, at the large scale cumulative effects of impacts 
from smaller drains may become more serious. For example, the loss of small 
wetlands as wildlife habitats may not seem important until, on a large scale, 
the total area of wetland has been drastically reduced. A similar case might 
be made from the effects of wetland drainage on the stream hydrograph. The 
local stream flow patterns may not be seriously affected by the drainage of a 
single small wetland; but the cumulative effect downstream of the drainage 
of numerous small wetlands in the headwaters of the drainage system may 


produce serious downstream flooding. 
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The environmental impacts detailed in the diagram, Figure 3.3, are 
intended to represent the cumulative effects of many small drainage 
projects when viewed at a large scale. The primary environmental 
impacts of land drainage result in changes in the hydrology, soils, 
vegetation and wildlife of an area. The impacts may result directly 
from the construction of drainage works or indirectly through the loss 
of wetlands and the problems associated with the loss of water reservoirs. 
Ultimately these impacts may result in alteration of an area's ecological 


stability, and other major environmental characteristics. 


3.4 Summary 


The conceptualization of the impacts of land drainage, as indicated in 
Figures 3.1, 3.2, and 3.3, proved of great value in the design of this 
research project. It provided the researchers with general guidelines for 
deciding what data and relationships to look for. It also clarified those 
areas which could not be examined within the limitations of this project, 
but which should be recognized as important. As is apparent in the following 


chapters, this study centres on the analysis of local-scale impacts. 
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Chapter 4 


METHODOLOGY FOR DRAIN ANALYSIS 


4.1 Introduction 

In order to provide conclusions that might be "typical" of the province 
as a whole most of the field research fell within a higly routinized investiga- 
tion of drains within a sample of townships. The methods for selecting town- 
ships, drains, and properties are described in sections 4.2 - 4.5, while 
development of the standard property-level questionnaires is outlined in 4.6. 
The remaining sections describe a variety of other procedures used in the 
research. 
4.2 Selection of Sample Townships 

The number and location of townships selected for detailed study re- 
flected an attempt to investigate a full variety of drainage and related 
conditions in the Province. Specific criteria considered in the selection 
process included the following: 

(1) physiographic patterns and soil conditions. 

An attempt was made to include a full variety of physiographic 
conditions, ranging from poorly-drained clay and muck flatlands 
through to well-drained uplands. Many soil types were to be in- 
cluded (e.g. muck, clay, loam, sand), with a particular effort to 
select townships with homogeneous soil conditions in order to 
simplify the selection of drains and the comparison of townships. 

(2) climatic conditions. 
The length of growing season, annual water-balance situation, 


and amount of growing-season precipitation vary considerably 
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across the Province. The selection process attempted to ensure 
that a broad variety of conditions was represented. 
(3) land use. 
Significant variation occurs across the Province not only 
with respect to agricultural land use but also urban, recreational, 
and conservation land uses. The selection procedure attempted to 
include townships representing variations in all of these types. 
Special consideration was given to including areas where conflicts 
among land-use types resulting from land drainage were present or 
likely. Areas of particularly rapid and recent change in agricultural 
land use were also included. 
(4) watershed hydrology. 
The hydrological characteristics of particular concern were 
the degree of stream maturity (e.g. extent of channel integration) 
and function as a headwaters region. Areas which varied in their 
functions as headwaters regions (i.e. water resevoirs) were selected 
because it was felt that the artificial drainage of natural resevoirs 
might create problems not present in down-stream areas. Also, areas 
with poorly-integrated natural drainage systems and associated wet- 
lands were chosen for comparison with "better drained" regions. It 
was felt that wetlands were particularly significant because of po- 
tential land-use conflicts. 
(5) character of drainage expenditure. 
As indicated in Chapter 2, the amount and type (i.e. municipal 
vs. tile) of Government drainage expenditure varies greatly across 
the Province. Also, the extent of grants (e.g. one-third vs. two- 


thirds) is variable according to location. The townships were 
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selected to include a wide variety of expenditure conditions. Finally, 
an attempt was made to select areas with varying rates of change in 
recent expenditures. 

(6) availability of special reports. 

Preference was given to selecting areas for which useful reports 
had been prepared (e.g. Conservation Authority reports, briefs to 
the Select Committee on Land Drainage, planning studies, etc.). 

(7) location within Ontario. 

An attempt was made to include townships well distributed across 
the Province (e.g. Eastern Ontario, Southwestern Ontario, etc.). 

(8) degree of cooperation of local officials. 

Preference was given to areas where the local officials (e.g. 
township clerk) seemed to be particularly willing to assist with the 
research project. 

Seven townships were selected for investigation (fig. 4.1), and together 
they represent a broad variety of conditions. Brooke (Lambton County) is 
typical of those areas in Southwestern Ontario with a long history of 
extensive drainage of flat-lying, mainly clay soils, a long growing season, 
and highly productive agriculture. Areas like Brooke were drained at the 
time of original settlement (see Des Rivieres, 1971) and have required con- 
tinual and extensive drain construction and maintenance ever since. Mersea 
(Essex County), like Brooke, has highly productive agricultural land use, but 
soil conditions and cropping patterns are quite different. Soils tend to be 
sandy-loams, and farms specialize in vegetable production. Irrigation at dry 
times of the year is much more common than in most other parts of Ontario. 

The township also presents the possibility of agricultural-urban land-use 


conflicts around the town of Leamington. Ellice (Perth County) has experienced 


F ¥ . “i 3 kK pace 4 


gag ay hs 


5 
ne 


J 
sh ile i 
ee —— * an) 


7 


J 


“a ese —— — ———8 a 
— — ——— 


Pig 










J lore mipsaowmisned Per — 9) wr J 
etata ruo tasot Yo — — (6) 
2) SfethE220 feool af3 oye asexe 02 mavig ala — — — on 
eda ddhw yetaze ad — 90 — aa 03 ane — 
— dieses 
tedtodos bas ,UE.8 .gt8) motsegtiesvat s0% badsoise stow eqbtenwed moved | 
at (ytauod potdmat) elooxf .anokithaos Yo yzetrev ndbot'd Smeaesqer yoda bar. 
Yo Gotan anole Adtv obtetnd missesiaduee ‘nt ‘seers catiti 30 Leola 
tases gotwotg gnol o ,alloe vals ylatam ,gabyl-sel? Yo agentes: ovhanoaae 
ota 2a bonisyh stew saloosd ottf asatA .eiwifuslzgs evisauboag ident bas 
~n09 ———— svad baa (1t@! ,eetetvia sod 992) Javmelizen —E * sats 
asere =. aonke seve aotenstaten bre hotisvssane> abavh ovianeixe tos, towne 
Ted ,oeau bral Inwaluotrge ↄvtaouboꝛq vitehe aed .oalsord ALE —*8 23 







Yth se morssgizzi .motioubotq sf{daijagev — rT es 


RO 
AGNLS oalviao — 5 | 
uo⸗ =a 
aloæas SdIHSNMOL nies enone tT EL 


OIMVINO NYSHLNOS 


re 
DK 
8 es * 


—— 


WO 
R (AR | 
oe ONE 


08d 





T° eansty 


ecto Dai te 


Ua fh 
ate . - — — ck ae J Tau , 
ae Mas ‘e ; x oa. eRe ae ee. te ae ’ if) ia > Peay Mi : ea , 7 7 
ma iy oN i * wu * if J Od) VW \ ky Wak ert 9 1* er ' i alah ay A fe J 4 q ih 
; — ee A > Ma a4 y nf. «dl ical Ni Sa Voc Anes ee, — 7 
J Pune ¢ , aeiNyy! 26 on y ] : ; ae hk 7 a 
Rr) ue ue) ee? Ais Chew ———— My i MO MMR Ur y aks. Ll 4 aS 
RENAE: Onpaectane cee dN rr aa ae aie ? 7) ON ae ‘be, 1 we || 
; A Me eat ’ ery ids,” ae cel A : 
Ni ' ’ “ So tie: ek hi : ; : i : 
I a oT ‘ ; 1 ipa OA a eo 4 — oe i. i 
q : UB haa y a ys d i . ie cf 
a at , , J oe | : os Yea got a eS j 
* J— AI J We , i fl ue : . a to oY » 1 
f he ae } ‘ i a ye Mt) ee) ie Px Aa Pag * ps = ” 4 J J 9r 
J— a * ey hy 5 WR al i Vonks a Lew ‘a ‘ —— ot VaF f ; : 7 
: — ahd iy f ; y A Bed! At Le ‘td ae ce j 7 i>" J— * ) va 
i i J * (a : 7 y , pa - J 
ewe ; ‘ ay ; ey a ; : A; ‘ia fe , ey : aN ’ 
i se } q J a ‘ ii Sete ⸗ 
J i ‘ — : ‘i , Y 9 hay, —* 4 va o ms : * J 
ny tt : : 4 { i Pe a —8 + wee ¢ J J 7 1) 
j rah’ Athy 1 ame | Mae ‘ v & . oe ee t ' 
’ , { a an Say ay Ware oh ie ¥ ' 4 h t — ae Se) eet) 
it an J ie ot) aboot a i ad J J an at i f 
, | f ip | i , an ll > J J 
A i A 1 mf 
AY | . 
“— * i” nel 
he. 4 f — — 
i ( ee : 
ay J 
; ( t > i 6 
> | 
Pa ; Da } 
; : J 
“ite J 





54 


very large increases in expenditure on outlet drainage in the past five years, 
and has been undergoing a shift in agriculture to cash crop production. The 
soils tend to be medium-textured clay loams. The township occupies a head~ 
waters region (Upper Thames watershed), which may make large-scale land 
drainage particularly significant if such drainage should lead to the de- 
pletion of a natural watershed reservoir. West Luther (Wellington County) 

is another headwaters area that has seen large recent increases in drainage 
expenditure. It has a significantly shorter growing season than townships 

in southwestern Ontario, and has never reached the agricultural productivity 
of that region. But recent interest in drainage, encouraged by special 
drainage grants, has made it and the surrounding Crey-Wellington region 
appear to have frontier-like drainage characteristics. At the same time, 
much land (e.g., the Luther Marsh) remains undrained, and serves as an 
important wildlife habitat. The possibility exists for conflicts between 
agriculturalists, conservationists, and recreationists. Cumberland (Regional 
Municipality of Ottawa - Carleton) and Ramsay (Lanark County) contain large 
amounts of poorly-drained land in Eastern Ontario. This region has been 
undergoing increases in productivity and changes in agricultural land use 
(e.g., increases in hybrid corn) throughout the past several years. As in 
West Luther, the possibility of land-use conflicts exists, and sub-optimum 
climatic conditions place limits on the development of agricultural productivity. 
A recent report (TOPECON Group Limited, 1971) has suggested that some drain-~ 
age expenditures in eastern Ontario are uneconomic. Caldwell (Nipissing 
District) is one of a small number of townships in Northern Ontario with 

a significant amount of drainage expenditure. Like Eastern Ontario, a few 
scattered parts of Northern Ontario exhibit "frontier-like" drainage con- 


struction, with new drains being built in the hopes of stimulating agricultural 
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production. 
4.3 Background Information on Sample Townships 
Once the seven sample townships had been selected for detailed Study, 

an intensive search of background information for each was undertaken. In 
addition to providing the best possible general description of each town- 
ship prior to field research, the information was used in the selection of 
sample drains and properties. Once assembled, the township-level information 
(maps, reports, summaries, etc.,) was incorporated into township files for 
future reference. Each file contained the following types of information: 
Physical Background 
(1) Geomorphology: 

-- description of geology and major landforms 

~- natural drainage pattern 

-- topographic maps 
(2) Soils: 

-- soil survey report and map 

-- summary of major soil types 

-~- calculated percentages of major soil types 

-~- soil profile characteristics 
(3) Climate and Hydrology: 

-- temperature, precipitation and snowfall normals (30-year) 

for each month 

-- growing season length and extremes 

-~ precipitation in growing season 

~~ annual water balance (calculation and graph) 

-- annual hydrograph 
(4) Biogeography: 

~- natural vegetation (historical record from surveyors reports 

and present situation from conservation and other reports) 

-~- wildlife (mainly from A.R.D.A. maps of wildlife capability) 

Settlement 


(1) History of Settlement (from historical atlases, Agricultural 


Commission Report, 1881, Censuses of Canada 1861-1971) 
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(2) Current Situation (from map and air photograph interpretation and 
contemporary reports) 
Agriculture 

(1) Production Data (censuses of agriculture) 

(2) Land Use (from A.R.D.A. maps, air photographs and other sources) 
Artificial Drainage 

(1) History of drainage, 1920-72 (provincial records) 

(2) Map of all current municipal drains 
Other Materials 

(1) Large-scale air-photo mosaics (4 inches equal 1 mile) 


(2) Special reports (e.g., Conservation Authority reports) and maps 


4.4 Selection of Sample Drains Within Townships 


Formal procedures for selecting drains for detailed analysis were 
adopted in order to ensure comparability of research results from township 
to township and to ensure that a full variety of situations was encountered. 
Occasionally deviations from the procedures were necessary due to a town- 
ship's unique characteristics (e.g., when a township had too few drainage 
projects in a particular year from which to draw a sample), but such cases 
were infrequent. 

It was decided to study only those drains which had been constructed 
or modified during the period 1965-66 to 1969-70. This was to avoid drains 
where impacts had occurred too long ago to be measured or remembered, or 
where the full impacts of construction are yet to be felt. All drainage 
projects in the five-year period were listed, and a random sample of four 
drains for each year was selected, yielding a total of 20 drains. The 20 
drains and their watersheds were then located on a large-scale map (1 inch 


equals 1/2 mile) over which transparent maps of other features, such as 
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soil type, could be laid. Using this map and other data (such as the 
engineering reports) five sample drains were selected from the 20 for 
detailed field study. The five were selected to ensure that a variety of 
conditions was represented. The criteria used in the selection included: 
(1) soil types of the land drained, 
(2) type of construction (e.g., new drain versus maintenance), 
(3) type of drain network (e.g., open, closed, extent of branching, 
ete.,), 
(4) periodicity of maintenance of drain, (calculated from provincial 
records), 
(5) number of property owners assessed, — whe, ee ee ample, 
(6) age of drain, Yoda ~ 


(7) types of land use affected (e.g., wetlands, urban, cropland, etc.), 


(8) location within the township. © H hi, shod mal be deyrefitand 


4.5 Selection of Sample Properties Within Drains 

As with the selection of sample drains, sample properties within 
drains were selected according to highly formalized procedures. Maps 
indicating all properties assessed (benefit and outlet) were prepared for 
each drain at a scale of 4 inches equals 1 mile (same scale as the air 
photo coverage). For drains with 32 properties or less, a sample of 8 
properties was selected at random, with 6 of the properties being assessed 
"benefit" and 2 being assessed "outlet" only. This enabled the researchers 
to concentrate on farms benefitting from drainage, but to check some "outlet" 
farms to discover the full effects of drain construction. If the total 
number of properties exceeded 32, a 25 percent sample was selected, with 


the ratio of "benefit" to "outlet" properties remaining at 3:1. In addition 
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to sample farms, 10 percent of all "urban" properties (i.e. small residential 
lots) were selected for investigation. If a drain had 8 or fewer farms 
assessed, all were included for study. As a result of the Sampling pro- 
cedure each township had approximately 40 properties for detailed Study, 
although the total number of property owners might be significantly less 

due to multi-property ownership. Prior to interviews with the landowners, 
maps of land-use and field boundaries, as interpreted from aerial photo- 


graphs, were prepared for each property. 


4.6 Design of the Property-Level Questionnaire 

The owner or manager of each sample property was asked a large number 
of questions (127) included in the project's questionnaire (Appendix 2 ). 
The questionnaire was designed to obtain information of the highest depree 
of accuracy possible for this type of survey concerning the full range of 
drain-construction impacts. —— of the questionnaire data was to be 
used to calculate agricultural benefit-cost ratios, "environmental" impacts, 
and many other types of indicaters. Development of the final version of 
the questionnaire required several weeks of trial field testing and modi- 
fication. 


4.7 Interviews and Correspondence 

In order to gain further insights into the full benefits and costs of 
land drainage activity the research team undertook a large number of inter- 
views on a township, regional, and provincial scale. At the township level 
interviews included township clerks and drainage commissioners. At the 
regional level interviews included representatives of regional offices of 


the Ministry of Natural Resources, drainage engineers, and agricultural 
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representatives. At the provincial scale interviews included representatives 
of the Canada Wildlife Service, the Queens Park Offices of the Ministry of 
Natural Resources, and various universities; the Provincial Drainage 
Referee; and other interested individuals. In all cases the researchers 
attempted to approach persons who had first-hand experience relating to 
agricultural drainage projects. 

In addition to the interviews conducted within the Province of Ontario, 
correspondence was initiated with individuals in other parts of Canada and 
in other countries. The individuals who were contacted included representa- 
tives of various government agencies concerned with land drainage programmes 
and researchers who have published relevant material. 

A list of the individuals interviewed and/or with whom which correspondence 


was initiated is presented in Appendix l. 


4.8 Other Field Surveys 


In an effort to obtain information relating to specific problems associated 
with drainage activity several field surveys were undertaken. With respect to 
environmental impacts of land drainage several cases of anticipated impacts 
were identified and visited in the field. Two such cases~-The Stroud Drain 
in Simcoe County and the Martin Drain in Norfolk County--were studied in 
detail. These studies included farm-level interviews and field surveys. In 
an attempt to collect data relating to the life cycle of a drain field 
surveys of drains of varying age were undertaken in West Luther Township. 

The analysis of urban land-use conflicts included an intensive probe of a 


problem situation on the outskirts of the City of Niagara Falls. 
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4.9 Analysis of Questionnaire Data 


On completion of the property-level interviews the questionnaire data 
were transferred to summary sheets. Summary statistics were then calculated 
by drain and by township. These statistics were arithmetic means, sums, 
or modes, depending on the variable. Also, verbal summaries of qualitative 
data (e.g., data concerning changes in crop rotation) were made. 

Additional calculations were made to derive benefit-cost ratios, pro- 


cedures which are described in Chapter 5. 
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Chapter 5 


AGRICULTURAL BENEFITS AND COSTS 


5.1 The Questionnaire Data 


The property-level questionnaires provided data with which to calculate 
the full range of economic benefits and costs resulting from drain construc- 
tion (Sec. 4.6, Appendix 2). It should be emphasized, however, that the data 
were seldom derived from careful measurement or record-keeping, and that 
they represent only farmers’ opinions or estimates. The quality of these 
estimates and of other farmer responses vary greatly from property to property, 
so that the data are not only inaccurate but of varying credibility, Never- 
theless, no alternative forms of measurement were possible within the limited 
time period of the project, and the use of such questionnaire methods has 
become an accepted practice in similar agricultural surveys. 

The total number of properties studied in each township was about 40 
(see Section 4.5), averaging 8 properties per drain. In Brooke and Ellice 
Townships, 6 rather than the usual 5 drains were examined to permit the 
analysis of a broader range of conditions. The number of property owners 
interviewed was sometimes significantly less than the number of properties 
since individual farmers often owned more than one of the sample properties, 
Everywhere the interviewers were met by farmers willing to arrange for long 
and detailed questioning. The researchers were satisfied that the farmer 


survey proceeded successfully. 


5.2 Benefit-Cost Calculations 


The primary objective of the calculations was to determine the benefit- 
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cost ratios for all drains. The benefit-cost ratio in this case was obtained 
by dividing the total cost of the drain (irrespective of subsidies) into the 
present value of all current and future net returns from agriculture which 
would not have occurred without the drain construction. In other words, the 
net value of added benefits due to drain construction was divided by the cost 
of such construction to yield the benefit-cost ratio. Subsidies were ignored 
in the calculations, although the ratios could easily be modified to take 
them into account.” Ratios less than 1.0 would indicate that the benefits 
are outweighed by the costs; those of 1.0 reflect that benefits are equalled 
by costs; and those greater than 1.0 indicate that benefits outweigh the 
costs. Normally it is hoped that ratios will exceed 1.0. This use of 
benefit-cost analysis is a standard economic technique that has been applied 
to agricultural drain analyses in other Canadian studies (TOPECON Group Ltd., 
1971; Rigaux and Singh, 1973). 

The present value of current and future benefits (the numerator of the 
ratio) is calculated by determining the average annual net increase in 
agricultural income, and adding together the present value of all such 


annual incomes over the time period for which the benefits are expected. 

A 

et he 
{1+i) 





The formula for the present value of any future annual income is V = 
where V = the present value of the future income, A = the average 
increase in net annual income, i = an appropriate interest or discount rate, 


and n = the number of years into the future of the income (Edge, 1960, p. 25). 


*ror example, if the subsidy was 2/3, the ratio could be multiplied by 3 to 
produce a figure which considered only the payment made by the farmer. Sim- 


ilarly, with a subsidy of 1/3 the ratio could be multiplied by 3/2. 
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Calculations for this study were based on a number of assumptions: 


(a) only agricultural benefits are considered. Any benefits accruing 


(b) 


(c) 


(d) 


(e) 


to roads or other land uses are ignored. 

the future annual incomes due to drain construction will remain 

the same as those reported for the present. Even though consider- 
able variations from year to year are bound to occur because of 
varying weather conditions, and even though the increases reported 
to date may be abnormal, it is assumed that future increases will 
not differ from current ones. 

the increases in production due to drain construction will cease at 
the end of the drain's life cycle (i.e., when it becomes defective). 
The nature of the relationship between drain age and increases in 
agricultural production is not well understood. For simplicity 
this study assumes that the increases remain constant throughout the 
life of the drain until it becomes defective, at which time the 
increases disappear. 

an appropriate range of interest rates is 6-10 percent. This range 
would seem to span the rates at which the Government is able to 
borrow money. 

an appropriate range of lifetimes for the drains is 5-20 years, 
Estimates of lifetimes were obtained from personal communications 
and public reports prepared by a number of drainage engineers. For 
example, W. McDowall (Ottawa) indicates a minimum lifetime for a 
drain in Rubicon Sand at 5 years, with more normal lifetimes in 
Eastern Ontario extending to 20 years. D. Rogerson reports 7-8 
years for Wyndham Twp., Norfolk Co.; and H. Todgam suggests 15-20 


years for the Chatham area. 
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(᷑) no secondary benefits to sectors of the economy related to agri- 
culture are considered. For example, increased purchases of farm 
inputs are not counted as benefits accruing to the project. 

Following these assumptions, calculations of present values and cor- 
responding benefit-cost ratios have been undertaken separately for interest 
rates of 6, 8, and 10 percent, and for drain lifetimes of 5, 12, and 20 
years. It is felt that this range of values permits a proper evaluation of 
any drain in the sample. 

Construction costs for the sample properties in the drain are based on 
the actual total cost of the drain and the engineer's estimate (in the 
engineer's report) of the proportion of that cost which should be paid by 
those properties. It will be remembered that the samples normally included 
three times as many "benefit" properties as properties assessed only for 
“outlet."' So the "outlet" properties, which almost always report no increases 
in production, are under-represented, which could lead to benefit-cost ratios 
which are unrealistically high. On the other hand, outlet assessments are 
normally very small, almost insignificant compared to "benefit" assessments, 
When this is the case and when the engineer uses a System of distributing 
assessments which bears a strong relationship to probable benefits, the cost 
figures and corresponding benefit-cost ratios in this study are fair and 
appropriate. In some cases calculations of this type were unnecessary since 
the sample includes all properties subject to an assessment. 

Increases in farm income due to drain construction are sometimes difficult 
to distinguish from those accruing to other factors, such as changes in seed 
Or equipment. So although the questionnaire was designed to provide for this 
distinction, the data still contain many uncertainties. In the calculation 


of increased benefits the basic procedure was to determine the average annual 
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value of drainage-related increases in production whether or not the increased 
production was actually sold. The researchers did not wish to ask farmers 

to reveal actual dollar-value changes in net income since it was felt that 
this would be an invasion of privacy. But specific data on production changes 
and general percentage estimates of net income change, which could be cross- 
referenced with calculated changes, were obtained. 

Increases in production tended to be a result of increases in yield, 
changes in land use, changes in rotation systems which permitted more lucrative 
crops to be grown more of the time, or changes in animal production. Another 
form of change, which was included in the calculation of changes in net 
income, was the value of human labour saved when less time was required for 
farm work (see example below). Associated with the changes in gross income 
were a number of changes in associated costs. Besides paying for the drain, 

a number of other input costs were incurred. These included the cost of new 
equipment, fertilizer, and livestock. A very significant added cost occurred 
when field underdrainage was installed to take advantage of the new outlet 
drain. This presented a serious accounting problem since the life of field 
underdrainage systems tends to be much longer than that of outlet drains. Con- 
sequently, the cost of field underdrainage was calculated, on an annual basis, 
as the yearly payment required to pay the total cost of the installation 

over 40 years at 6% interest. Forty years was chosen since this approximates 
many estimates of the effective life of field underdrainage. A shorter time 
period was not chosen (e.g., the lifetime of the outlet drain) since this 

would assume that all benefits of the field drainage were subsumed before 

the end of its actual lifetime. At the same time it is recognized that farmers 
do pay for field underdrainage in a shorter period than 40 years, so that their 


annual costs would be somewhat higher than those assumed in this analysis, 
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Consequently, this study assumes higher incomes during the first fey years 
following a project and lower incomes during later years than farmers in the 
real world would probably experience. The 6 percent interest rate was chosen 
since it occupies a position midway between normal bank-loan rates and the 
special 42% rate normally obtainable through the Tile Drainage Act, 

Prices and costs used in the calculation of increased net income were 
County averages for the years 1969-72 as derived from statistics published 
by the Ontario Department of Food and Agriculture (Ontario Department of 
Agriculture and Food, 1969-72). Prices for items not included in the usual 
publications were obtained — from the Department of Food and aerenture 
or Lgl caida? boards. : | i 3 

; The following example (the Munro drain in Brooke Twp.) will help i1- 
dustrate the way in which values for increases in income were derived (see 
Table 5.1). Since the completion of the project, most — in the sample 
of seven have experienced little change in production. An important excep- . 
tion, however, is one farmer who has installed new tile under 20 acres at 
a total cost of $3,420. The annual equivalent of this cost, calculated 
according to the procedure described above, is $227. Some Jan deuce and ~ 
_ yleld change has occurred on the sample properties, although the bulk of 
the change is on the newly-tiled land where former pasture has been switched 
t6 grain. The difference in the market value of current production over 
the old is calculated separately for each farm and summed to yield 4 net 
increase of $2,703. Where changes in crop rotation are involved annual 
values of production averaged over three or four years (whatever is the 
length of the rotation cycle) are compared for the new and old rotations 
to derive increases in the value of average gross annual production. In- 


creased production has required increased costs in addition to field 
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underdrainage. Culverts have had to be installed, a granary constructed, 
and more fertilizer purchased. The annual value of these added costs, 
calculated by spreading the costs over the life of each item at six per- 
cent interest, is $392. Thus, the average annual increase in net income, 
irrespective of labour costs, is $2,703 ~ ($392 + $227) = $2,084. Less 
labour has been required following completion of the project, since farmers 
report an aggregate saving of four days. At $20.00 per day, the value of the 
saving is calculated at $80.00. Thus, the final estimate of the average 
annual increase in net income is $2,084 + $80 = $2,164. 

Note that significant differences can occur between the actual change 
in income experienced by farmers and the estimates calculated by the above 
procedures. For example, if the labour saved is the farmer's ow time, he 
will gain no financial return. Also, the cost of the tile might be borne 
in five years rather than 40. But the researchers hold that the procedures 
used are essential to produce comprehensive estimates of the full benefits 
and costs over the life of the drains even if these statistics differ from 
particular farmers' experiences in the short run. In many cases, nevertheless, 
the estimated benefits appear to bear a close resemblance to those reported 


by property owners. 


5.3 Results of the Analysis 


Figures 5.1 - 5.7 are township maps indicating the locations of the 37 
drains selected for detailed analysis. Tables 5.1 - 5.7 are corresponding 
compilations of relevant production and costs-returns data for the sample 
drains. Table 5.8 lists the benefit-cost ratios for each drain. 

The agricultural benefits of draining land, as described by Biliski 


(1972) and others, and as generally assumed, are evident throughout the 
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Figure 5.1 
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Figure 5.4 
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Figure 5.5. 
MERSEA TOWNSHIP 


OO AERA EE RR ee ee 











Blytheswood 










COULSON 
EXTENSION & 
DRAIN: 











\ 






; LAKE 
LAKE ERIE ; 
ie — ERIE 


— iN 


PAG 
aa * 









a a Seed 
woes — 
dwovewaues 
+ ALAA 






WIRAG WEAR Soa 


Peet eee eee Bee © 
— 


⏑ eee 


—— 





1) 


Figure 5.6 
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Figure 5.7 
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TABLE 5.1 (Cont'd) Pe. 78 
Parker-Lucas Stephens -Zavitz 
Drain Drain 





BROOKE TOWNSHIP 
(cont'd) 














Tait Drain 


“Soil conditions clay (Brookston), clay (Brookston) Clay (Brookston) ! 

Total no. property owners Sale 4 + 48 8 aot} 

— NO» PPCPC ES | (8 agr'l) 

No. of owners: interviewed 8 ~ | 10 (3 urban) 
\ 








7 dredging old ‘replace tile in | dredging old 

Type of drain project channel | see drain | figfne? ° 
No. of sample properties : \ 
with field underdrainage 6 1 5 
prior to project 
No. of sample properties with 
field underdrainage instal- 2 3 3 
lation since project 
No. of acres with new 8 be as 148 . 
field underdrainage 7 
Total cost of new field $850 $34,000 $14,400 i 
underdrainage i 
Farmer's estimate of no. of 315 220 gz82 
acres affected by drain bias 
No. of acres assessed benefit 451 464 ba } 

slight change switch from small | switch from hay to © 
Land-use change in rotation grains to corn and . grains, corn and ~ 
No. of farmers reporting . 4 4 | 5 ] 


increased yields 


larket value of increased : $1623 $7363 ) $3717 | 
crop production 










Average annual increase in ' 
cost of inputs due to drain ee $2388 $1957 
(incl. field underdrainage) | 
eae h a bit more fert-| a bit more purchase small 
PERE ilizer, purchase) fertilizer igs 
besides field underdrainage more beef cattl P | 
: . } 
Average no. of days earlier 4 8 ay Loe 1 
seeding possible * 
increase in {| slight increase increase in 
Changes in livestock beef cattle in turkeys no. of pigs 
| 
Changes in gross income +$5060 i. +$60 +$3555 1 
from livestock | 
Increase in income due to +$691. +$3925 +$1754 | 


change in feed sales or 
purchases / 


Net annual increase in $1797 $5085 $2830 
farm income (calculated) { 


Farmer's estimate of increase 0% 4 AOS T us &S 
in income (mode) — 
Farmer's estimate of no. of 6 - 10 yrs. >10 yrs. 6 - 10 yrs. 
years requ'd for drain to . 
pay for itself (mode) i 


iota) cast of drain ifor 9448 | 5 
sample properties , $15,780 $6726 , 
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CALDWELL TOWNSHIP 






Soil conditions 


Total no. of property owners 


No. of Owners interviewed 





Type of drain project 


No. of sample properties 
with field underdrainage 
prior to project 


No. of sample properties with 
field underdrainage instal- 
lation since project 


No. of acres with new 
field underdrainage 


Total cost of new field 
underdrainage 


Farmer's estimate of no. of 
acres affected by drain 


No. of acres assessed benefit 


Land-use change 


No. of farmers reporting 
increased yields 
Market value of increased ~ 


crop production 

Average annual increase in 
cost of inputs due to drain 
(inci. = 
Types of input changes 
besides field underdrainage 


Average no. of days earlier 
seeding possible 


Changes in livestock 


Changes in gross income 
from livestock 


Increase in income due to 
change in feed sales or 
purchases 


Net annual increase in 
farm income (calculated) 


Farmer's estimate of increase 
in income (mode) 


Farmer's estimate of no. of 
years requ'd for drain to 


pay for itself (mode) 


Total cost of drain for 


TABLE 5.2 Pg. 79 


stony mixture clay and silt 


ield underdrainage) 


La Ferriere 
Drain 






kegel te Drain 


Arbour Drain 






clay and silt 








{ 4 J 9 
3 4 5 
dredging old : new drain dredging old | 
channel (tile) | channel 
0 0 0 
| 
0 | 1 | 0 
0 10 0 
0 $500 0 —— 
188 | 41 454 
not avai lable not available not available - 
— —— 
— ee Slight pasture 
n _. improvement | 
: ue ae 
0 2a 4 : 
$120 $698 $ 1950 
$10 | $199 $1425 
short fence purchase of purchase of i 
installed cattle cattle . 
10 8 6 1 
7 : : — 
| increase in increase in 
none | no. of milk cows no. of milk | 
cows 
— — — — — “yf 


+$3000 









+$1800 





{ mer 4] 
i H 
$200 $801 $2000 ( 
i 
1 - 5% | 1 - 5% £1% 
I 
— — — ——— — — — —— — — — — 
— | ete a a % 4 


$4654 | $3960 $2,216 


: | 
sample properties | —4 
SO —ñ —e — e —ñ— — — —e ——— — — 
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CALDWELL TOWNSHIP 









Soil conditions 
Total no. of property owners 


No. of owners interviewed 





Type of drain project 


No. of sample properties 
with field underdrainage 
prior to project 


No. of sample properties with 
field underdrainage instal- 
lation since project 


No. of acres with new 
field underdrainage 


Total cost of new field 
underdrainage 


Farmer's estimate of no. of 
acres affected by drain 


No. of acres assessed benefit 


Land-use change 


No. of farmers reporting 
increased yields 


Market value of increased — 
crop production 


Average annual increase in 
cost of inputs due to drain 
(incl. field underdrainage) 


Types of input changes 
besides field underdrainage 


Average no. of days earlier 
seeding possible 


Changes in livestock 


Changes in gross income 
from livestock 

Increase in income due to 
change in feed sales or 
purchases 

Net annual increase in 
farm income (calculated) 


Farmer's estimate of increase 
in income (mode) 





Farmer's estimate of no. of 
years requ'd for drain to 


pay for itself (mode) - 
Total cost of drain for 
sample properties 


— — — 


con's} 


| $21,244 


| $4654 | 


TABLE 5.2 (Cont'd) Pg. 80 
Rainville Drain 


clay and silt 


new drain 


0 


672 


not available 


none 


3 | 2 


$931 


$1197 


fences, milk cows, 
more purchased feed 


milk cows, switch to beef 


— — —— — — — — — 
4 me 
paces imeem tl pan tre tte i 
some increase in no. of | increases in beef and 


+$3700 


-$2836 


$931 


— — 

















Savage Drain 








Clay and silt 





— 


365 


— — — 


not available | 





improvement of pasture 


} 


aed Fab es, 


| $687 | 


i purchase of beef 1 
and milk cattle 


| milk cattle 
| | 
ee ee a NE ee a an eee | 


. +$1900 oe 





# $1937 


$1917 J 
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CUMBERLAND TOWNSHIP TABLE 5.3 Pg. 81 LaLonde-Clexoux z Robert Walsh p . 





Chartrand Drain | Drain Drain | 
“Soil conditions , clay (Bearbrook) ſtane Sandys sgams anc mainly fine-sand - 
Total no. of property owners 6 . 11. 5 * 
No. of owners interviewed 8 5 | 
; dredging old dredging old 

Type of drain project dredging old cha- ——— Rana) 


No. of sample properties 
with field underdrainage 
prior to project 


Po | 
No. of sample properties with 0 | ] 
field underdrainage instal- 
lation since project ‘ 


—n— 
Oo 


No. of acres with new 
field underdrainage 


oS 
o>) 


— 


Total cost of new field 


0 
underdrainage j ‘ aL 
Farmer's estimate of no. of 271 83 
acres affected by drain ij : ies et ae 
No. of acres assessed benefit 227 54 157 } 


— h Slight switch slight increase - - Slight pasture- 
and-use Cnange from hay-grain in vegetables sh gua hay improvement | 
No. of farmers reporting oa: yierds) 2 J 


increased yields 
Market value of increased — $281 0 $1004 
crop production 


— 





— 


Average annual increase in ] . 
8 3237 0 | $1461 


cost of inputs due to drain 

(incl. field underdrainage) 
Types of input changes purchase milk | none purchase more . 
besides field underdrainage cows beef cattle + feed; 
Average no. of days earlier 7 A Ue. 6 | 


seeding possible ‘ 








(a ee increase in milk none increase in i 
g cattle beef cattle i 
and fee 
Changes in gross income 1 
from ents +$1000 0 + $2700 | 
Increase in income due to $163 | 1 
change in feed sales or 0 “$403 
purchases 
Net annual increase in | i 
farm income (calculated) i $680 0 $1084 \ 
Farmer's estimate of increase} 1 - 5% | 0% (o) (1 - 5% ‘ 
in income (mode) ; } 
Farmer's estimate of no. of 9 
years requ'd for drain to MONS, | 2 et never (2 - 5 yrs.) 
pay for itself (mode) 
ö— — — — —— — —— — 


Total cost of drain for $1951 $1801 $8419 i 
sample properties 7 
i ( 28t si ———— — ee aren 


mato car 8 —0 
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TABLE 5.3 (Cont'd) Pg. 82 ; 
CUMBERLAND TOWNSHIP Smith-Staal Drain ~ Van Vliet Drain 


(con'd.) 


Soil conditions peat and clay © . fine sand (Uplands) 


Total no. of property owners 6 


" ° ! : 
No. of owners interviewed 3 5 


0 | We 
0 


No. of sample properties 
with field underdrainage 
prior to project 


No. of sample properties with 
field underdrainage instal- 
lation since project 


No. of acres with new 0 0 

field underdrainage 

Total cost of new field Mis pe 40 

underdrainage / 

Farmer's estimate of no. of * Ting” : 47 

acres affected by drain : ge ae 

No. of acres assessed benefit 154 103 | 
some swamp switched to , 1 

{ none 


Land-use change hay, hay to grain 


No. of farmers reporting 
increased yields 


Market value of increased -:: 
crop production 


4 
0 
Average annual increase in ; 
cost of inputs due to drain 0 
(incl. field underdrainage) / 
0 


Types of input changes none none 
besides field underdrainage 
Average no. of days earlier 
seeding possible 


Changes in livestock none more horses | 


Changes in gross income 0 0 ) 
from livestock ‘ 


Increase in income due to - $880 
change in feed sales or 


PURER S Sem 
Net annual increase in 0 , $103 | 
farm income (calculated) : 
J ‘ 


Farmer's estimate of increase 0% 0% \ 

in income (mode) : 
- 

Farmer's estimate of no. of mew tiyr.) (2-5 

years requ'd for drain to sch oie iol “5 yrs.) never 


pay for itself (mode) _ 


Total cost of drain for $13,515 $3081 ' 
sample properties | i 
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TABLE 5.4, Pg. 83 | 

ELLICE TOWNSHIP Kuhryville Drain Ohm Drain Quererquesser 
Drain 


Soil conditions silt-loam, some clay; clay (Perth) Sa ie Bars 


Total no. of property owners 24 (25 Agr. ) : S 6 (5 agr. 


: 

; 

; 

No. of owners interviewed 8 | 4 5 4 
dredging old i dredging old dredging old 





Type of drain project channel channel channel 

No. of sample properties 

with field underdrainage 5 3 - 

prior to project 

No. of sample properties with 

field underdrainage instal- 3 ‘ i ; 0 

lation since project ‘ | 

No. of acres with new 17.5 ! 30 iM, 

field underdrainage : . 
| 

Total cost of new field $1690 ' $4500 0 

underdrainage ' 

Farmer's estimate of no. of ; 505. 85 | 207 

acres affected by drain oe 

No. of acres assessed benefit 280 74 ists 

h some switch pasture- hay 
Land-use change moe from pasture to improvement 
corn 

No. of farmers reporting 3 | 4 — 

increased yields | — 

Market value of increased $2439 

crop production 

Average annual increase in $282) 


cost of inputs due to drain 
(incl. field underdrainage) 





Types of input changes culvert, more ' more beef more cattle and 
besides field underdrainage beef cattle — purchased feed 











Average no. of days earlier 4 | 8 | 7 
seeding possible | 
Changes in livestock more beef cattle {| more beef more beef and 

| cattle milk cattle 
Changes in gross income +$900 +$1102 +$6200 
from livestock | — 
Increase in income due to +$1000 . +$1458 -$1321 
change in feed sales or | 
purchases i 
Net annual increase in $968 $1301 $2961 
farm income (calculated) | 
Farmer's estimate of increase 0% | (41%) (1 - 5%) 1 - 5% 


in income (mode) 










Farmer's estimate of no. of 
years requ'd for drain to 
ay for itself (mode) 


(2-5) (6-10) yrs. 6 - 10 yrs. 





Total cost of drain for $2632 


sample properties 
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ELLICE TOWNSHIP TABLE 5.4 (Cont'd)| Pg. 84 


feon'd.) Satchell Drain {Siep Drain © "+ | Whaling Drain 
“Soil conditions i Brookenan (evioketon) (Brookston) . 
Total no. of property owners 2 Si a ae 2gy. | Bo ae 
No. of owners interviewed 2 5 4 — 
type of drain projec So eller: 


No. of sample properties 1 ‘ 9 3 
with field underdrainage 
prior to project 


No. of sample properties with 
field underdrainage instal- 1 1 7 1 
lation since project 


~~ oe 


No. of acres with new 40 25 12 
field underdrainage 
Total cost of new field $6500 | $4000 $1800 
underdrainage f 3 
Farmer's estimate of no. of ; ; 

ay 118 : 
acres affected by drain — bee i 
No. of acres assessed benefit | 100 93 216 f 


Land-use change none 


— — — 


No. of farmers reporting 1 1 
increased yields 


Market value of increased $7890 


crop production 


Average annual increase in $6643 $266 , $3927 
cost of inputs due to drain } 
(incl. field underdrainage) Mee Ln ed Ce ae 


Types of input changes — purchase more 
none 
besides field underdrainage — beef cattle 





Average no. of days earlier 1c | 7 | 2 


seeding possible 2 | a 


; , more beef more beef catt. 
Changes in livestock cattle and hogs none / fewer hogs 
ö— ç — LE —ñ —ñ —ñ — 
Changes in gross income +$8500 : — +$1000 
from livestock 


Increase in income due to 0 0 0 

change in feed sales or i 

purchases if 
— | 

Net annual increase in $5747 ; $439 | $458 fy 


farm income (calculated) | : 

















Farmer's estimate of increase 0% 

in income (mode) i! 

Farmer's estimate of no. of 

years requ'd for drain to never { 

pay for itself (mode) _ ss 

. : . i 

Total cost of drain for $654 $819 

sample properties ; i) 
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MERSEA TOWNSHIP 


Soil conditions 


Total no. of property owners 


No. of owners intervicwed 


Type of drain project 


No. of sample properties 
with field underdrainage 
srLOr to" proyect 


No. of sample properties with 
field underdrainage instal- 
lation since project 


No. of acres with new 
field underdrainage 


Total cost of new field 
underdrainage 


Farmer's estimate of no. of 
acres affected by drain 


No. of acres assessed benefit 


Land-use change 


No. of farmers reporting 
increased yields 


Market value of increased - 
crop production 


Average annual increase in 
cost of inputs due to drain 
(incl. field underdrainage) 


Types of input changes 
besides field underdrainage 


no. of days earlier 
possible 


Average 
seeding 


Changes in livestock 


Changes in gross income 
from livestock 


Increase in income due to 
change in feed sales or 
yurchases 


Net annual increase in 
farm income (calculated) 


Farmer's estimate of increase 
in income (mode) 


Farmer's estimate of no. of 
years requ'd tor drain to 


pay for itself (mode) 


Total cost of drain for 
sample properties 


| 
TABLE 5.5 Pg. 85 


R. Anderson 
Drain 


W. James 


Coulson Drain 
ee 


sandy -TIoam | sandy-Toam i sandy-Ioam 
(Berrien) (Berrien) (Berrien) Saket 


68 (41 agr.) 


16 
extension and 


tile replacement . 


+ 


no change 


none 


none 


never 


$4000 


6 — ee 





Mit 1] 4 
extension dredging old 
channel 
1 ’ 
j 
1 | 3 
15 4 
i 
$2000 $900 
{ \ 
| 31 239 
22 344 
' no change no change 
: 1 
ee Eee eee ait cee 
EEE: $3689 
$133 $158 
ag bridge, dam 


none none ! 
Fit 
0 0 i 
" 
0 0 





0% / 0% H 
iE NOIRE SEW RENEP EARN aR he 
never (never) (6-10 ‘id 
— 

$4290 ) 


$2590 — 
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; TABLE 5.5 (Cont'd) Pg.sdo 58 
MERSEA TOWNSHIP W. Marsh Drain ~ Strauss Land Co. Drain 


(con'd.) 


Soil conditions clay (brookston) Clay (Brookston) 


Total no. of property owners {| 159 (70 agr.) | 3 


No. of “Owners interviewed 7 3 
Type of drain project dredging old channel dredging old channel 


No. of sample properties 
with field underdrainage 7 
prior to project 


— eT 
UW 


No. of sample properties with 
field underdrainage instal- 
lation since project 


0 ~ 
No. of acres with new 42 
field underdrainage 


Total cost of new field $3500 

underdrainage i 

Farmer's estimate of no. of a a j 248 

acres affected by drain ei: 
No. of acres assessed benefit 644 335 | 


{ 
Land-use change none i none 
; 


No. of farmers reporting 
increased yields 


6 
Market value of increaseo —J ase $2323 


cro roduction 


Average annual increase in 

f : 33 
cost of inputs due to drain $ te 
(incl. field underdrainage) ; | 


Types of input changes se 
besides field underdrainage Bent Pisses | ‘in ae 





Average no. of days earlier 
f 2 ; 2 i LS 
seeding possible 
— — e — — — — — — — — 
ee | 
Changes in livestock — node 
Changes in gross income 0 0 
from livestock 
In se in income due to 
crease in 0 +$1920 
change in feed sales or 
purchases 
Net annual increase in 0 2090 
farm income (calculated) 
Farmer's estimate of increase 9, 9 
0% 1 - 5% ) 


in income (mode) 

Farmer's estimate of no. of 
years requ'd for drain to 
pay for itself (mode) 


Total cost of drain for 
sample properties 
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TABLE 5.6 Pg. 87 


RAMSAY TOWNSHIP Almonte Drain Currie Drain X Duncan Drain 






‘ O al * — 
Soil conditions loams silt loams 
Total no. Of property owners 22 (17 urban) ‘ 14 Ck 


No. of owners interviewed 8 


7 8 
dredging old _ dredging old - | dredging old 
Type of drain project channel channel | channel 


No. of sample properties 
with field underdrainage 
prior to project 


No. of sample properties with 
field underdrainage instal- 
lation since project 





No. of acres with new 40 270 | 
field underdrainage 


Total cost of new field $6000 | $22,800 
underdrainage 


Farmer's estimate of no. of — 415 595 
acres affected by drain . Se 


No. of acres assessed benefit 1188 523 —ã 


some switch from some increase 
Land-use change none 








non-pasture to 








graih-corn in corn 
No. of farmers reporting 6 
increased yields by. — 
: | 
Market value of increased $5695 
cro roduction va 
Average annual increase in 
g a $6685 


cost of inputs due to drain 
(incl. field underdrainage) we : 
more dairy and bee: 


Mheerate Spas gnanges cattle-+.fertiliizef 


besides field underdrainage 
Average no. of days earlier . 
seeding possible i 4 
| more beef and 
i 


dairy cattle 
Changes in gross income 0 0 + $13,725 
from livestock i 


Increase in income due to 

: +$1203 
change in feed sales or 
purchases 


Net annual increase in $24 | $3938 $7250 | 
farm income (calculated) 


Changes in livestock none 





Farmer's estimate of increase b s — 
wtp 0% 0% 1 + 5% 1 
in income (mode) 
| 
Farmer's estimate of no. of 
e -10 
years requ'd for drain to J — ——— | 


ay for itself (mode) 





Total cost of drain for $850 $3420 $9426 
sample properties 4 
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RAMSAY TOWNSHIP TABLE 5.6 (Cont'd) Pg. 88 
(con'd) Foster Drain 


Soil conditions silt and clay loams 


Total no. of property owners 


No. of owners interviewed 


No. of sample properties 
with field underdrainage 
prior to project 


No. of sample properties with 
field underdrainage instal- 0 
lation since projcct 


No. of acres with new 0 

field underdrainage 

Total cost of new field 0 

underdrainage 
Farmer's estimate of no. of 8 


acres affected by drain 


No. of acres assessed benefit 221 


Land-use change 


No. of farmers reporting 
increased yields 

Market value of increased .: $335 
crop production 


Average annual increase in 
cost of inputs due to drain 


(incl. field underdrainage) 
Types of input changes 
besides field underdrainage 


— — 


none 


Average no. of days earlier 1 


seeding possible 


Changes in livestock “at 


Changes in gross income 
from livestock 


Increase in income due to 0 
change in feed sales or | 
purchases 


Net annual increase in $335 
farm income (calculated) 


Farmer's eStimate of increase 0% 
in income (mode) 


Farmer's estimate of no. of | 
years requ'd for drain to never | 
pay for itself (mode) 


Total cost of drain for 


$16,261 
sample properties 


Munro Drain 


mainly sand and silt loams _ 
33 | 
8 


dredging old channel 


101 1 

$17,597 

612 | 

975 i 
i} 


some switch from hay-grain 
to grain-corn 


7 


$4157 


$14,720 


more fertilizer and iH) 
beef and milk cows | 





13 


more dairy and beef 
cattle | 


+$15,500 / 


+$1305 
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WEST LUTHER TABLE 5.7 Pg. 89 
TOWNSHIP DRAINS NO. 1 + 4 J|DRAIN NO. 50 * {DRAIN NO. 52 





. - . ov at S41: — Si 2 
Soil conditions hastht si Beant tnt (Harristo emg are? * 
Total no. of property owners 7 


4 
| 
No. of owners interviewed | 12 | 6 2 | 


4 dredging old dredging old 


Type of drain project channel etannel new drain~ 


No. of sample properties 
with field underdrainage 
prior to project 


No. of sample properties with 
field underdrainage instal- 
lation since project 


No. of acres with new 
field underdrainage 


Total cost of new field 
underdrainage 





Farmer's estimate of no. of 342 124 35 
acres affected by drain | 


No. of acres assessed benefit 2198 290 63 
some swamp to some switch 

Land-use change rain, grain none from grain- 
o corn hay to corn 

No. of farmers reporting 5 | 1 2 

increased yields ; 

Market value of increased - $3153 $45 $1429 

crop production 


Average annual increase in 
cost of inputs due to drain $2411 0 $486 
(incl. field underdrainage) 


more dairy 
cattle 





purchase beef | 


Types of input changes i 
cattley*pics none 


besides field underdrainage 












Average no. of days earlier 
seeding possible 


10 






10 





some increase in 
beef cattle | none 
and hogs 





more dairy 
cattle | 





Changes in livestock 







Changes in gross income 
from livestock 





+$2950 +$951 





Increase in income due to 


change in feed sales or +$544 
purchases 
Net annual increase in : | 
2842 / 
farm income (calculated) $ das $1243 | 
pEnes DUNNE eS eee 
Farmer's estimate of increase — — (1%) (1 5%) 
0 ~ % 


in income (mode) 
Farmer's estimate of no. of | { 
years requ'd for drain to 6 - 10 yrs. never 2-5 yrs. 


pay for itself (mode) 


Total cost of drain for 320 | \ 
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ABLE 5.7 (Cont'd) Pg. 90 


DRAIN NO. 53 DRAIN NO. 56 


WEST LUTHER TOWNSHIP 
(con'd.) 














Soil conditions Silt-loam (Listowel) + muck Silt-loam (Listowel) 





Total no. of property owners 5 10 | 
No. of owners interviewed 4 ; a 
Type of drain project new drain new drain 





No. of sample properties 
with field underdrainage 1 0 
prior to project : 


No. of sample properties with 
field underdrainage instal- 0 { : 0 
lation since project 





No. of acres with new 0 ; 0 

field underdrainage | 

Total cost of new field 0 0 

underdrainage ’ 

Farmer's estimate of no. of ~ 60 ! 134 

acres affected by drain ' « 
No. of acres assessed benefit 169 | 500 

4 

Land-use change none | none 

No. of farmers reporting 1 2 

increased yields | 
Market value of increased :: $216 $345 

crop production | 

Average annual increase in 

cost of inputs due to drain 0 | 0 

(incl. field underdrainage) 

‘ 

‘Types of input changes “hare | noné 

besides field underdrainage - 

Average no. of days earlier Ee | 3 

seeding possible | 

Changes in livestock none ; none | 
Changes in gross income 0 : 0 

from livestock 

Increase in income due to ) 

change in feed sales or +$100 +$333 

purchases 

Net annual increase in $216 $345 | 
farm income (calculated) ee 
Farmer's estimate of increase none | none 


in income (mode) 


years requ'd for drain to “never Me eg 
pay for itself (mode) 


Total cost of drain for 
sample properties 


Farmer's estimate of no. of | 







$4605 | $18,642 | 
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91 
Table 5.8 
BENEFIT-COST RATIOS FOR SAMPLE DRAINS 


J~-yr.s life of drat 12-yr. life of drai 20-yr. life of drain 


Calculated at: 








BROOKE TWP. *2” 6% 8% 10% 
| Black / (1968) 
Gov't. No. 1 * (1967) 
4623./3 Munro 9//0/é8 bo (1965) 
_4459.22Parker-Lucas“°~ ” (1969) 





Stephens-Zavitz' (1967) 
Tact V (1968) 


Township Avg. 


Mi ONT] 
CALDWELL TWP. sy 


NO Bik Be 


Arbour (1969) 


Clement (1969) 
LaFerriere (1970) 
Rainville (1970) 


Savage (1969) 
Township Ave. 


CUMBERLAND TWP. 


786.34Chartrand Y (1964) 
- #46 LaLonde-ClerouxY (1965). 
s60.0 Robert Walsh Y (1969) 
y3660* Smith-Staal Y (1969) 
ops 2 Van Vliet Y (1968) 


Township Avg. 


ELLICE TWP. 
Kuhryville v (1968) | .52 .49 47 
Ohm POL 96790 2533 22 ae 
Quererquesser ¥ (1968) | 4.92 4.67 4.43 
7! Satchell - (1969) 111.18 110.60 |10.06 
ye7.12 Siep (1969) | 2.83 | 2.68 | 2.54 
Township Avg. 3.00) | 2.84 ea /0 
Al SMIIW &27/- B46 ¢ * 


* Date of engineer's report 
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| Table 5.8 (Cont'd.) 
| BENEFIT-COST RATIOS FOR SAMPLE DRAINS (Cont'd.) 


12-yr. life of drain| 20-yr. life of drain 





5-yr. life of drain 






Calculated at: 





MERSEA TWP. E 

| MA. & $To —~ To CArt BACH 
i Anderson ~ (1969) 
ssn, Ande ¥ (1968) 

| 4540.64. James — p/10/¢ 7 (1965) 
| W. Marsh v (1968) 


y — Strauss Land | Cot (1969) 
—2 
——— ——— one 


| RAMSAY TWP. 
| MR, BRYOGES 
a cen monte + (1966) 
AnbaCurrie Vv (1966) 
Duncan } Y (1969) 
Foster v (1969) 
Munro vy (1967) 


Township Avg. 


YAR DUNCKN 


WEST LUTHER TWP. 


oti. © (96897 2.3554 cyec roca Ll 4.67 | 4.20 | 3.80 6.39 | 5.47 | 6.74 


Drain No«w50%.7 ~G.968) 03 £03 203 . 06 .06 05 .08 707 06 
Drains No. l & 4¥ (1968) 1.28 be Peake ate fe Var ee eeu 3.49 2.99 2.59 
Drain No. 53 “ (1968) .20 49 .18 oS #35 432 254 .46 .240 
“,40.97Drain No. 56 Y (1969) 08 07 07 16 14 213 o21 18 216 
Township Avg. .48 —— .95 .86 My je: Led. baeke 97 
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eL.g | $8.23 88.1 Sit ‘ 2 of eats 
BI. er. OS... 1 (8der) My —— J 
vO. q 0. 80. | (eet) : 


7a 


study areas. Most property owners interviewed (195 out of 232) felt that 
drainage was beneficial, and the production data and benefit-cost ratios 
tend to confirm this general feeling. One hundred and seven of those 
interviewed felt that oulet drainage installations had led to increases in 
crop yield, and 179 indicated their willingness to pay for drain maintenance 
whenever it is required. One hundred and twenty-two also indicated that 
they would have supported the latest project without the government subsidy. 

Beyond the general positive evidence concerning the impacts of drainage, 
considerable inter-township and inter-drain variation is revealed. The 
highest benefit-cost ratios occur in the traditional locations of high 
agricultural productivity (e.g., 12-year lifetime b-¢ ratios at 8% are Brooke~— 
2.13, Ellice--5.37, and Mersey~-3.26). So Southwestern Ontario would appear 
to benefit significantly greater than other parts of the province. Drains 
in some of the "frontier" drainage areas, in fact, barely pay for themselves, 
if they pay at all. Benefit-cost ratios comparative to those above are 
Caldwell--.94, Cumberland--.49, Ramsay--1.80, and West Luther--.86. It is 
inappropriate, however, to assume that all drains in one region are beneficial 
and all those in another are not, because very significant variation among 
drains in individual townships is evident. 

The sample drains in Brooke tend to have modest but consistent b-c 
ratios that leave little doubt that drains "pay" in the area. Clearly, the 
expenditures have been worthwhile. The one drain with rather low b-c ratios 
(.90 for 12 years, 8%) was built primarily to alleviate drainage problems 
on roads, and was paid for locally by the municipality rather than individual 
farmers. Measuring benefits in areas like Brooke where drainage history goes 
back a long way and where most recent work is of a maintenance type is dif- 


ficult because improvements may not only yield higher production but may 
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also prevent future declines should existing drains become defective. 
Theoretically, drain maintenance could be worthwhile even if the drain was 
not currently defective and if no increases in production followed. In this 
case the b-c ratio, as calculated in this study, would be 0.0: But the 

real benefit would be the prevention of future production declines when the 
drain did become defective. In actuality, however, it appears that maintenance 
is postponed until production problems are evident, which yields b-ce ratios 
well in excess of 1.0. A recurring problem throughout the study was to 
determine whether drains were being constructed for the first time or whether 
modifications were being made on old ones. Often neither local farmers, the 
researchers, nor local officials could make the determination. The gently 
meandering watercourses being deepened could be "natural" or they could be 
remnants from old drains. Unfortunately, public records were of little use 
due to changes in drain names over time, 

Caldwell, one of the twonships in northern Ontario with much recent 
drain construction, contains drains with great variation in bec ratios. 

Two of the drains have led to very small increases in income, and to b-c 
ratios so low that the costs of construction will not be recovered. Two 
other drains have b-c ratios cof about 1.5 (12-year lifetime), and the ratios 
of another are much higher. 

Benefit-cost ratios in Cumberland (Eastern Ontario) are generally low, 
with only two drains likely to pay for themselves. Farms along two other 
drains have experienced no benefits at all. In nearby Ramsay, two drains 
with very high b-c ratios are evident, even though two others will not 
come close to paying off unless current responses change radically. 

Ellice contains, on the whole, drains with the highest b-e ratios of 


any studied. Conversion of acreages from hay and small grains to corn and 
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soybean production seem to have helped produce the highly Rinceeeiay ave 
spective. Like Ellice, Mersey has a high average b-c ratio, although here 
at least two drains will not pay for themselves. 

Benefit-cost ratios in West Luther vary considerably, ranging from 
three drains with little beneficial response to two others where drainage 


construction has obviously been a wise economic investment. 


5.4 Conclusions 

It must be emphasized again that the data used in this analysis are, 
in most cases, estimates of questionable accuracy. Similarly, the cal- 
culations are based on very specific and limiting assumptions which must 
be fully appreciated prior to interpretation. Nevertheless, the researchers 
feel that the data and the derivations are valuable, and that, when used 
with caution, they can reflect a good assessment of benefits and costs. 

On the whole, the general response in agricultural production justifies 
the construction of outlet drainage in the sample areas. A considerable 
variation in this trend is evident, however, between townships and between 
drains. Many of the 'samsie draics, rarticularly in Easter and Northern 
Ontario, have benefit-cost ratios below 1.0; and many of these have been 
beneficial to property owners only because of government grants (this 
conclusion is similar to that expressed in TOPECON Group Ltd., 1971). Even 
among the properties along a single drain a great variation in agricultural 
response is noted. It is quite normal for a drain to have a good benefit- 
cost ratio because of very high responses on a small minority of farms and 
no increases in production on the majority of properties. 

It is felt that seven major factors account for the variation among 


drains in benefit-cost ratios: 
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(1) Productivity of the environment 


The agricultural productivity of the environment varies considerably 
across Ontario due primarily to variations in soil and climatic conditions. 
Southwestern Ontario has a unique combination of good soils and a long 
growing season to give it a superior environment over the rest of the prov- 
ince. Since drainage construction costs are similar across the province, 
funds invested in drainage in Southwestern Ontario are bound to yield greater 
marginal agricultural productivity than in other regions, Similarly, invest- 
ments in Eastern and Northern Ontario, with limited soil and climatic con- 
ditions, would be expected to yield lower marginal returns. This basic re- 
lationship, which tends to accentuate the comparative advantage of “privaledged” 
regions as capital investments are made, undoubtedly accounts for the general 
tendency of Southwestern Ontario to have higher b-c ratios than other parts 
of the Province. 

On a more local scale, investment in drainage can lead to spectacular 
benefits if the investment permits switches to more lucrative land uses in 
addition to improving yields of existing ones. Such investments lead to 
“critical” changes in the productive environment which can be accompanied 
by very high b-c ratios. In the sample drains the highest b-e ratios tended 
to occur in areas where drainage permitted land to switch from hay or small 
grains to corn or soybeans. Ellice particularly contained a number of sample 
properties where drainage permitted this criticial switch--a switch which 
tended to occur further southwest several years ago. 

(2) Installation of field underdrainage 

The 1972 report by TOPECON Group Ltd. concerning agricultural land 
drainage in Fastern Ontario pointed out that when new outlet drains are 


installed beneficial responses from farmers only occur on a large scale if 
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field underdrainage is installed and attached to the outlet. This — 
is reconfirmed by this study. Drains with high b-c ratios tend to be those 
where field underdrainage existed prior to the outlet project or where new 
underdrainage installation followed the project. Where field drainage was 
not installed, particularly in Eastern and Northern Ontario and in West 
Luther, unfavourable b-c ratios resulted. 

(3) Special hydrological conditions 

Outlet drains are often of some benefit to farms even without field 
underdrainage, but this is largely dependent on local hydrology. In most 
cases the benefits are very few, but under unusual circumstances outlet 
drainage alone can lead to b-c drainage ratios in excess of 1.0. Such is 
the case of the Savage drain in Caldwell, where the new drain prevents the 
flooding of fields with runoff from surrounding higher ground, 

(4) Local initiative 

Obviously an important determinant of the success of a drain is the 
initiative taken by local farmers to utilize its potential benefits. Such 
initiative, for example, might take the form of installing field underdrainage. 
The researchers discovered a great range in the degree of local initiative, 
and feel that it is an important reason for the variation in b-c ratios. 
The most successful drains tended to be those of fairly modest cost ($2,000- 
$4,000) with a fairly small number of farmers who had a genuine interest in 
the project. A common occurrence on the larger projects was for two or 
three farmers to experience all of the benefits, leaving the vast majority 
of landowners undergoing no changes. This accounts for the fact that many 
of the farmers on large drains reported little benefit (see the modal values 
in tables 5.1-5.7) even though the overall b-c ratios were well in excess of 


zero. 
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(5) Type of project 


As indicated in secton 5.3, the type of drainage project has an important 
influence on the b-c ratios. This is particularly true for maintenance 
projects, where the most important benefits may be the unmeasured ones--i.e., 
the prevention of future production decreases. 

(6) Quality of engineering 

The engineer who designs a drain can have a profound effect on the b-c 
ratios. For example, the researchers observed some drains which appeared to 
be much too elaborate and costly for their intended purpose, which would lower 
the b-c ratios. Ae. 

(7) Weather conditions since project 

It was pointed out a number of times in the field that the ultimate 
effects of some drains could not be measured yet since the years following 
construction had had abnormal weather conditions. In Eastern Ontario 
particularly it was indicated that heavy rainfall has not permitted the 
full beneficial effects of new drains to be felt. 

In conclusion it is important to note that the first six of these 
seven factors which affect b-c ratios can be evaluated, estimated, or 
controlled before any drain has to be constructed. It should be possible, 
therefore, to produce fairly good estimates of the benefits to be expected 
from drain construction, perhaps before the completion of an engineer's 


report, or certainly with expanded versions of those reports. 
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Chapter 6 


THE ENVIRONMENTAL IMPACTS OF AGRICULTURAL LAND DRAINAGE 


6.1 Introduction 

The organization of this chapter, which considers the ert rucnck of 
agricultural land drainage on the environment, differs considerably from 
the preceding chapter on agricultural benefits. The bffects o£ change on 
the agricultural sector are well known and extensively documented, In con- 
trast, research on the environmental impacts of drainage is fragmentary, 
and scattered in the literature of a number of disciplines, Consequently, 
the researchers have undertaken an extensive review of the literature in 
order to produce a comprehensive analysis of this tonits The effects of 
land drainage on the various facets of the environment, depicted in the 
model of local-scale impacts (Fig. 3.2), are considered in the initial 
sections of this chapter, using Ontario examples wherever possible. In the 
final sections of the chapter an assessment is made of the present situa- 
tion in Ontario with respect to the environmental consequences of land 
drainage. 

The practice of land drainage is probably as old as the art of 
agriculture. The first recorded examples occurred during the times of 
the Roman Empire and probably earlier. Since the 1850s very large 
acreages of land in both the United States and Canada have been drained 
for agriculture. Throughout most of this time period land drainage has 
been viewed solely in terms of its beneficial effects on agriculture. 
Inevitably however, the manipulation of the landscape through drainage 


practices also produces manifold effects on many other facets of the 
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environment which lie outside the agricultural sector, and as is often the 
case when man modifies his surroundings, not all of these repercussions are 
beneficial. | 

Little emphasis has been given until recently to the possible —— 
environmental impacts of agricultural land drainage. Basic texts on 
drainage engineering contain little or no reference to such issues (Ayres, 
1939; Luthin, 1957; Pickels, 1941). Bibliographies on land drainage usually 
contain no references to non-agricultural impacts, or if they do, the 
paucity of references listed indicates the lack of attention which has been 
accorded to these problems. (Crook, 1968; De Vries, 1966), 

In the last decade there has been an explosion of interest in man's 
relationship with his environment. In this period greater attention has 
focused on some of the environmental effectsof land drainage, particularly 
in relation to game animals and sport fisheries. Nevertheless, an analysis 
of the existing literature exposes a lack of detailed scientific data on 
many of the potential effects of drainage. 

The ultimate objective of drainage operations is to increase crop 
yields, to improve crop quality, or to improve the condition of the soil 
so that higher value crops can be grown. (Wesseling et al. 1957). 
Agricultural land drainage achieves these aims by producing a number 
of major alterations in soil properties. 

Land drainage facilitates the removal of gravitational water from 
the soil (Pickels, 1941). Gravitational or free water forms that fraction 
of soil water which is in excess of the soil moisture-holding capacity. 
Normally this water drains downwards due to the force of gravity. How- 


ever, in areas of high water table gravitational water remains on or just 
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below the ground surface. Drainage lowers the water table and fancies 

this excess water. Capillary water which forms a film around each soil 
particle is retained against the pull of gravity and cannot be drained off. 
It is capillary water which is used by crops. 

The removal of gravitational water actually results in an increase 
in the amount of available capillary moisture in the soil. The removal 
of excess water results in an improvement of soil structure because of 
increases in the activities of microorganisms, greater plant root develop- 
ment and the action of the mechanical processes of shrinking and swelling 
which occur due to changes in soil moisture content (Edminster and Reeve, 
1957). The improved soil structure enables the soil to hold greater 
amounts of capillary water. Furthermore, the lowering of the water table 
encourages plant roots to penetrate deeper into the soil thus providing 
access to a greater amount of capillary moisture. The increase in rooting 
depth also enables plants to utilize nutrients from a greater volume of 
soil. 

The temperature of soils plays an important role in seed germination 
and root growth. Well drained soils warm up faster than saturated soils 
because in the latter solar radiation is used largely to evaporate water 
rather than raising soil temperature. Drainage by removing excess water 
enables the soil to warm up more quickly. 

Poor soil aeration is a primary factor in poor crop production on wet 
soils. The excess gravitational water in these soils fills the pore spaces, 
thus excluding air. Plant roots and microorganism populations in the soil 
require oxygen. Lowering the water table by means of drainage enables air 


to occupy the pore spaces in the soil body. 
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The effects produced by drainage on soil properties are obviously 
beneficial to agricultural crops. However, areas of excess water in the 
landscape provide the habitat for many species of plants and animals. 

These areas also play a significant role in the hydrological cycle. The 
act of drainage may therefore be damaging to these non-agricultural 
aspects of the environment, 

6.2 Natural Vegetation 

The construction of drains and the channelization” of existing streams 
in order to increase the flow of water from the land surface results in 
the destruction of vegetation along the path of the excavation. Clearance 
of vegetation extends for a variable distance, often 30 to 40 feet at right 
angles to the drain, because of the passage of dredging machinery and the 
dumping and spreading of the excavated spoil. The swathe of clearance 
along the drain or channelized stream can be particularly damaging in 
woodland where the removal of valuable timber may be involved. Drainage 
can result in even greater destruction of natural vegetation in situations 
where permanent wetlands are converted to agricultural use. For example, 
at the present time approximately 400 acres of forest consisting of white 
cedar, trembling aspen, birch, and balsam fir is being sold on the Stroud 
swamp in Simcoe County for market gardening purposes. (see etal Dy 


Land drainage also affects natural vegetation by altering surface 
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Channelization usually involves the straightening and deepening of a 


natural stream. 
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and soil water levels. In many cases drains are installed in permanent 
wetlands in order to facilitate the drainage of adjacent agricultural 
land or to allow the drain to be continued to a point where adequate out- 
let is provided. In these circumstances the existing vegetation which 
remains uncleared may be modified considerably. The installation of a 
drain will remove areas of surface water resulting in the elimination of 
submergent and emergent aquatic plants. These areas will subsequently 
become sites for colonization by terrestrial vegetation. In bog areas 
drainage may lower the water table, affecting the growth of various plants 
adapted to this specific type of environment. For example, a ditch dug 
in 1938 is changing the vegetation composition of the eastern section of 
the Mer Bleue near Ottawa. The alteration in water level is permitting 
the invasion of a variety of plants, including trembling aspen and balsam 
poplar, which are usually excluded from this type of bog (Joyal, 1970). 

A substantial amount of research has been conducted by forestry 
scientists on the effects of drainage on hardwood swamps and forested 
Sons. This research suggests that drainage can have beneficial effects 
on wetland forests by increasing growth rates of a variety of tree species. 
More than two million acres of forest land throughout the Gulf and the 
Atlantic coastal plains of the southeast United States have been ditched 
in order to improve tree growth and restock marginal lands (Klawitter, 1965, 
1970). In Scandinavia partial drainage has been practised for many years 
and has greatly improved forest growth on bog areas (Lindberg, 1926; Lukhala, 
1927). 


— — — ——— — — — — 


* 
Definition of the terms swamp and bog can be found on pages 168 and 169. 
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Research in northern Minnesota on the effects of drainage in areas of black 
spruce, tamarack and cedar has revealed average increases of 100% in growth 
rates on drained areas in comparison with undrained sites (Averell and 
McGrew, 1929). 

There is some feeling among Ministry of Natural Resource foresters in 
Ontario that land drainage for agricultural purposes may have a detrimental 
effect on woodlands. Nevertheless adverse effects of drainage on forested 
areas are not well documented in comparison with the literature on beneficial 
effects. Klawitter (1970) notes that swamp vegetation is well adapted to a 
wet environment and that drainage of ponds and swamps may be detrimental to 
these species, and may even kill older trees if it permanently lowers the 
water table. 

It should be stressed that in the swamps of Southeastern United States 
the ditches are designed specifically for forestry purposes and are frequently 
only two feet in depth. They are aimed at water regulation rather than 
uncontrolled drainage. Agricultural drains, on the other hand, are often 
five or six feet deep and are not designed for forestry purposes. Conse- 
quently, the decline in water table may be rapid and severe enough to pro- 
duce a number of detrimental consequences. Wilde et al. (1950) notes that 
the removal of beaver dams and the consequent abrupt alteration of ground 
water level causes considerable damage because of drought injury. Affected 
30-year-old stands of trembling aspen experienced major reductions in growth 
rate in the two years after removal of beaver dams. 

The drainage of forested bogs can also increase fire hazards because 
of the drying out of the peat adjacent to the drain and the thick growth of 


inflammable annual plants along the right of way. In Minnesota many forest 
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fires in drained areas have burnt along the ditches (Averell and McGrew, 
1929). 

Where ditches are cut through woodland the cleared zone may increase 
local wind velocity because of the funnelling effect of the narrow cleared 
strip. Measurements of wind velocities in clearcut and uncut forest land 
near Hinton, Alberta indicated velocities less than one mile per hour in 
timber compared with 29 miles per hour in clear cuts (Pengelly, 1972). 
The increased velocity in the cleared strip along the drain may result in 
some wind throw damage to trees near the margins of the strip. In some 
circumstances, however, it is possible that ditches through hardwood swamps, 
if they lower the water table slightly, may reduce wind throw since the 
trees are encouraged to extend their roots deeper into the soil, thus 
providing a firmer anchorage.” 

Drainage may be very detrimental if it involves upland hardwood 
stands dominated by sugar maple and beech. Abrupt lowering of the 
water table in these areas may reduce growth rates since the species 
are less adaptable than the swamp hardwoods to major fluctuations in 
the water table. Moreover, disposal of sediment dredged from the drain 
may injure maples along the edges of the cleared tract. Spreading of 
spoil may raise the soil level around these trees by six inches or more. 
Sugar maple can be killed by such alterations in ground level, which in 
turn affect soil aeration and compaction (G. Murchison pers. comn.). 
“Personal communication from G. Murchison, Ministry of Natural Resources, 


Hespeler District. 
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6.3 Wildlife 

Agricultural land drainage may have a variety of effects on wildlife. 
The most important impacts occur in situations where permanent wetlands 
of various types are drained. Wetlands constitute key components of the 
landscape for many types of wildlife providing cover, food resources and 
breeding sites. Drainage activities may have a considerable influence on 
wildlife, even in areas where permanent wetlands are not affected. In 
areas of intensive agriculture open drains which have not received recent 
maintenance contribute significantly to the total area of semi-natural 
vegetation. The reconstruction of these drains will destroy, at least 
temporarily, the usefulness of the habitat for wildlife. 
(a) Waterfowl 

The major portion of research on the effects of drainage on wildlife 
has been devoted to waterfowl and a variety of game animals because of 
their significance for recreation. The effects of drainage involving 
permanent wetlands probably has a greater detrimental effect on waterfowl 
than on most other types of wildlife. If the object of drainage is to 
convert the wetland to agricultural use the habitat is lost not only for 
waterfowl but also for all other types of wildlife which utilize the area. 
However, in areas where wetlands are drained but are not cleared for 
agriculture the habitat may still be utilized by various types of wildlife, 
but the removal of surface water eliminates the value of the area for water- 
fowl and other organisms which require an aquatic environment. 

The extent to which land drainage has an adverse effect on waterfowl 
depends to a considerable degree on the type of wetland involved. Areas 


of temporary standing water which occur in small depressions or on areas of 
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flat terrain in the agricultural landscape are often drained by tile systems 
which outlet to the mnicipal drains. These "wet spots" are of little signif- 
icance to waterfowl because they frequently dry up in late spring and they 
usually do not support aquatic vegetation. 

Other types of wetlands which are relatively insignificant for water- 
fowl include swamp areas covered with dense stands of white cedar, a common 
type of wetland in Ontario; and various types of bog which have few areas 
of surface water (Benson and Bellrose, 1964). However, the drainage of a 
bog may have indirect effects on waterfowl if the bog acts as a water 
source for other types of wetland in the vicinity. 

The drainage of small harshest. eliminates a key habitat for waterfowl. 
Small marshes containing a few acres of shallow open water and surrounded 
by a fringe of various types of emergent aquatic plants are ideal habitats 
for ducks. These small marshes are frequently found in the numerous depress- 
ions of glacial moraine areas. Good examples can be found on the Oak Ridge 
moraine which extends in an east-west direction from Rice Lake to the 
Niagara Escarpment, and on patches of moraine around Woodstock and Guelph. 
Duck species breeding in the small marshes of Ontario in order of importance 
are mallard, blue-winged teal and black duck. Some indication of the pro- 
duction of these areas can be gained from a brood production survey conducted 
by the Canadian Wildlife Service in 1970 from 11 small marshes in King 
Township, north of Toronto. Fifty-three broods were recorded on the 180 


— — — — 


* 
A definition of the term marsh can be found on page 168. 
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acres of marshes, giving an average production of one brood per two acres.” 
The countless beaver ponds in the province also provide a habitat for 
waterfowl which is somewhat similar to the small marshes, though in most 
cases production is lower. 

Hardwood swamps constitute another important wetland type for water 
fowl. These swamps consisting of tree species such as silver and red 
maple, black ash, willow, and cottonwood contain shallow standing water, 
and they may only dry out in late summer one year out of two. These swamps 
form important breeding areas for mallard, wood duck and black duck and 
have average productions of approximately one brood per five to ten acres 
(D. Dennis, pers. comm.). The construction of drains in these areas removes 
the surface water and completely eliminates the value of the habitat for 
waterfowl. 

The final type of wetland of importance to waterfowl in Ontario 
is the large permanent marsh. Such marshes are found along the shores of 
the Great Lakes, for example the marshes of Lake St. Clair. Large inland 
marshes such as Luther Marsh and Shirley's Bay Marsh on the Ottawa River 
can also be included in this category. These marshes have relatively low 
breeding densities; for example, the average production for Lake St. Clair 
marshes is one brood per 60 acres (Canadian Wildlife Service, in preparation). 
Nevertheless, because of their large size these marshes constitute significant 
production areas. Moreover, the large inland and Great Lakes marshes are 
tremendously significant as staging areas for the migration of waterfowl in 
spring and autumn. 
“personal communication from D. Dennis, Canadian Wildlife Service, Aurora, 
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A survey of marshes along the Ontario shoreline of Lakes St. Clair, Erie 
and Ontario indicates that a possible maximum of approximately 2,500,000 
ducks and geese use these marshes during autumn migration (Bellrose, 1968). 
Similarly a waterfowl census on October 3, 1957 gave estimates of 15,000 
ducks on Luther Marsh (Boyer and Devitt, 1961). The drainage of marshes 
of this type and their conversion to agricultural use will obviously have 
a major adverse effect on waterfowl. 

The reconstruction of existing drains in areas where wetlands are 
not involved may also affect waterfowl. It is likely that the drains 
themselves are used for breeding, primarily by mallards, in some regions 
of Ontario. Counties which may be important in this respect are Middlesex, 
Elgin and the eastern portion of Lambton, where alternative wetlands are 
largely absent (D. Dennis, pers. conm.). Drains in Kent and Essex 
counties are probably not used by mallards because of the proximity of 
large marshes on Lake St. Clair and Lake Erie. Unfortunately, no data 
are availabe on the extent of breeding by ducks in drains. In many cases 
the raising of broods may be unsuccessful because the drain runs dry 
early in the summer, or becomes choked with plant growth eliminating areas 
of open water. 

Although the effects of agricultural land drainage on waterfowl 
are almost always adverse, there are rare occasions when indirect and 
largely accidental benefits may occur. For example, in areas such as 
Eastern Ontario the installation of tile drainage may encourage the 
growing of corn instead of pasture, thus providing more feed in fall for 
migrant waterfowl. In some bogs the installation of open drainage 


ditches and subsequent damming of these drains by beaver, has produced 
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small lakes which have enhanced waterfowl breeding potentials of the 
bog. 
(b) Other Types of Wildlife 

A wide variety of other types of wildlife besides waterfowl are 
dependant on an aquatic environment. The drainage of wetlands results in 
the disappearance of the habitat of marsh birds such as herons, bitterns, 
coots, rails and red-winged blackbirds, as well as important furbearers 
such as muskrat, beaver, otter and mink. 

Other types of wildlife which are not as directly dependant on aquatic 
environments may nevertheless suffer adverse consequences, if the wetlands 
are cleared and converted to agricultural use. Many game animals depend 
on wetlands primarily for cover and in some cases for food. Wooded swamps, 
particularly if they containclumps of cedar which provides excellent 
cover, interspersed with areas covered with scrub and sapiing stages of 
preferred foods such as striped and red maples, aspen and sumac, provide 
good wintering areas for deer. (Thomasson, 1972) In Simcoe County, 
examination of wooded bogs indicates that deer use these areas for protective 
cover during the day and feed in the fields surrounding the bog at night 
(Leeson, 1969). Wetlands also provide cover, particularly in winter, for 
pheasants, grouse, Hungarian partridge, and European hare. The importance 
of wetlands as part of the total sustaining environment of wildlife is such 
that the use of a wetland for agriculture will produce a substantial 
reduction in wildlife over a considerable surrounding area. 

Adverse effects on wildlife may occur even when drained wetlands are 
not cleared for agriculture. Deer, for example, utilize the early shoots 


of sedges and grasses in spring and aquatic plants in the summer (Cumming 
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and Walden, 1970). Ditches which are located in forested wetlands used 
as wintering areas by deer may cause the loss of animals by drowning. In 
the past three years, three deer and six moose have drowned in steep-sided 
drains which cross the Alfred Bog in Prescott County, Ontario.” The removal 
of areas of surface water in a drained wetland will substantially reduce 
the populations of frogs and other amphibians, as well as the rich insect 
life, thus diminishing food resources for many types of wildlife. 

The drainage of wetlands is of major importance in terms of its 
adverse effects on wildlife. However, the potential damage to wildlife 
resulting from maintenance and reconstruction of existing drains must not 
be overlooked. The importance of drainage ditches as wildlife habitats 
probably varies considerably. In some areas such as Eastern Ontario where 
there is a large variety of alternative semi-natural habitats, the ditch 
may be unimportant. In contrast, older drains which have not been maintained 
recently may be very significant for wildlife in the intensively farmed areas 
of Southwestern Ontario, where alternative habitats such as woodlands and 
small wetlands are in short supply. The aquatic habitat of the drain may 
be utilized by muskrats, raccoons, and mink as well as some waterfowl. The 
bank vegetation of these drains may also provide cover for wildlife, par- 
ticularly small game species such as pheasant and hare in winter and 
spring when fields provide no cover, ~ In these circumstances the recon- 
struction or maintenance of drains will adversely affect wildlife until the 
vegetation cover regenerates. 
“Personal Communication from G. Whitney, Ministry of Natural Resources, 


Kemptville District. 
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Personal Communication from A. Hauser, Wildlife Branch Ministry of Natural 


Resources, Queen's Park Toronto. 
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6.4 Water Table 

Agricultural drainage is normally accomplished through the installation 
of tile underdrainage for the removal of subsurface gravitational water 
and open ditches for the removal of surface water, and to provide an outlet 
for tile drainage networks. In all cases the effect of artificial drainage 
is to increase the efficiency with which available moisture is collected 
and conveyed to natural water courses. This removal of surface and gravita- 
tional water from the soil can be expected to result in impacts on the 
physcial hydrology of an area. In particular it is likely to result in 
impacts on the level of the water table and on the magnitude and timing of 
streamflow. The particular effects of an individual drainage project will 
be related to the local topographic and hydrogeologic patterns. 

In evaluating the impacts of land drainage on the water table, it is 
necessary to consider the relationship between the area of excess moisture 
and the water table. Three situations may be identified, moisture may 
be perched above the ground water table, the moisture may be in an area 
of ground water recharge, or the moisture may be in an area of ground water 
discharge. 

The first situation identified above is typical of localized areas 
of impermeable soils where excess moisture, the result of precipitation, 
accumulates at or near the ground surface. The impermeable layers separate 
this moisture from the water table. Such moisture is said to be perched 
above the water table and drainage activity in these areas will remove this 
excess moisture without any water table effects. 

The secondsituation identified is that of an area of ground-water 


recharge. Excess moisture, the result of precipitation, accumulates at or 
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near the surface and is able to infiltrate into the soil and percolate 
downward to recharge ground water storage. Drainage activity in such an 
area will remove the excess moisture before it percolates to the water 
table and may result in the lowering of the water table. The amount of 
lowering will depend on the local hydrogeologic conditions and the size of 
the area to be drained. In general this type of ground-water recharge may 
be associated with areas of seasonal excess moisture. In the drier areas 
in the western plains prairie pot holes have been studied in detail; and 
their local role in recharging ground water storage has been identified 
(Eisenlohr and Sloan, 1968; Sloan, 1970). 

The third situation identified with respect to areas of excess moisture 
relative to the water table is that of areas of ground-water discharge to 
the surface. This situation is often associated with permanent wetlands 
which act as source areas for streams in humid areas. In these situations 
the level of excess water on or in the soil corresponds to the water table. 
Under these conditions surface water bodies including streams are said to 
be effluent in that they are fed directly by ground-water flow. Drainage 
activities in areas of this type are likely to have direct effects on the 
water table. When existing watercourses are deepened there will be a 
temporary increase in the rate of ground-water discharge which will result 
in permanent lowering of the water table. When new watercourses are con- 
structed the hydraulic gradient or the slope of the water table will be 
permanently changed and the water table will be lowered accordingly. This 
type of water table change related to drainage activity has been studied in 
Southern Michigan where water tables have been lowered by several feet by 


drainage activity (Zumberge, 1957). In the present project the researchers 
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found examples of irrigation ponds in the sandy soils of Norfolk County 
which had experienced lower water levels since drain construction on a 
nearby watercourse. 

In addition to the relationships between areas of excess moisture 
and the water table, it is important to recognize the importance of soil 
properties. In particular the hydraulic conductivity or permeability 
of the soil must be considered. In highly permeable sandy soils a drainage 
work may collect water from a wide area. However, in relatively impermeable 
clay soils a drainage work can only collect water from the immediate area, 
or the surface. The need to space tile underdrainage more closely in areas 
of impermeable soils than in areas of permeable soils reflects this 
characteristic. A study in Minnesota detailed the effects of a drainage 
ditch on the water table in organic soils (Boelter, 1972). In a case where 
the water table was, in, tae surzace horizons of highly permeatie iibric peat 
the effects of a new ditch on the water table were observed as far as fifty 
meters from the ditch. In a case where the water table was in the lower 
horizons of less permeable partially decomposed peat, water table changes 
were only observed within five meters of the ditch. The consideration of 
local conditions is most important in any assessment of water table changes 
relating to land drainage. 

In situations where lowering of the water table results from land 
drainage, the implications may include reduced water levels or the drying 
up of surface wells and ponds, and a significant reduction in dry season 


streamf lows. 
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6.5 Streams and Lakes 

Agricultural land drainage produces a variety of changes in streams 
and lakes. In some cases permanent stream channels are straightened and 
dredged in order to accomodate increased flows from tile and open drains. 
This channelization may seriously affect sport fisheries and will also 
produce alterations in sediment loads and various other characteristics 
over considerable distances downstream. The maintenance and reconstruction 
of existing drains which are not permanent streams will probably result in 
less direct damage to fish populations, because of their absence in these 
areas, but once again alterations in sediment load and water temperature 
may produce impacts on fish populations at other locations in the drainage 
network. The installation of tile drains which outlet into municipal 
drains also produces alterations in streams and lakes by changing nutrient 
loads and hydrological characteristics. 

The main impacts of land drainage on streams and lakes can be 
classified into the following categories: 

(a) Stream flow 

(b) Stream sediment load 

(c) Stream channel form 

(d) Water temperature 

(e) Water chemistry 

(f) Stream biology 
(a) Stream Flow 


Land drainage activity can be expected to affect both the magnitudes 
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and the timing of streamflow events as recorded in the stream hydrograph, 
Drainage activity results in some increase in the total yield of streamflow 
from an area. The increased efficiency with which drainage works collect 
excess moisture and convey it to natural watercourses reduces the opportunity 
for evapotranspiration and results in increased streamflow. The actual 
amount of increase in streamflow will be related to local conditions such 
as the size of the area drained, the hydrogeologic characteristics of the 
area and the potential evapotranspiration rates. 

Probably the most significant effect of drainage activity on the 
physical hydrology of an area is its impact on the timing of streamflow 
and this effects the magnitudes and durations of high and low flows. 
Excess moisture standing on the soil surface or retained as gravitational 
water in the soil is actually water held in temporary storage. This 
water normally enters storage during spring snowmelt or as the result 
of precipitation. In most cases water in temporary storage is not per- 
manently impeded from contributing to streamflow but rather is slowed 
in its movement as compared to overland flow. Under natural conditions 
some of the excess moisture will evaporate, and some will move either as 
throughflow or as ground-water flow towards local watercourses. Where 
local watercourses are effluent, in that they receive ground-water flow 
directly, this flow provides baseflow, which is the gradual release of 
ground water over an extended period of time. This baseflow is extremely 
important in maintaining low streamflows during seasons when evapotranspira- 
tion losses are greater than precipitation inputs. 
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* 
The streamhydrograph is a graph of stream discharge plotted against time. 
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Construction of drainage works result in the rapid collection of 
excess moisture and its conveyance to natural watercourses. Removal of 
this moisture from temporary storage and its addition to streamflows 
will result in increased flood peaks and in a reduction in the amount of 
baseflow available to maintain low flows. These effects will be observed 
both in the annual hydrographs and in the storm hydrographs of a stream 
which has undergone drainage activity. The annual hydrograph will be 
altered in that the spring peak flow is likely to be higher and its 
recession steeper with lower summer flow, while the individual storm 
hydrograph will also have higher peaks and steeper recessions. Drainage 
induced changes in stream hydrographs are of course closely related to the 
amount of land which is drained in proportion to the size of the watershed. 
Individual drainage projects involving only a few hundred acres are not 
likely to produce major changes in streamflow. The effects of multiple 
drainage projects however, are additive and many small drainage projects 
may add up to major changes in the stream hydrographs at downstream sites. 
Such changes may result in increased flood damage downstream and in reduced 
low flows. It should be recognized that such regime changes may work 
directly against extensive flood control and low flow augmentation pro- 
grammes and structures which may already be in operation within the basin. 

The special case of the role of wetlands in regulating streamflow 
requires consideration. As a result both of their flat surfaces and 
the nature of the soils involved, wetlands provide a large volume of water 
storage. In discussing the relationships of wetlands to streamflow, it is 
important to recognize the distinction between perched and ground-water 


wetlands (Verry, 1970, and Verry and Boelter, 1971). Perched wetlands 
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develop in basins perched above the water table and are normally the result of 
localized deposits of impermeable soil. The water stored in perched wetlands 
is derived from precipitation on the local drainage basin and the outlet is 
usually a small stream. Drainage of perched wetlands results in the loss 
of temporary storage and therefore will result in increased magnitudes of 
peak flow. However drainage of perched wetlands is unlikely to seriously 
affect the seasonal pattern of streamflows particularly low flows. Detailed 
study of perched wetlands in Northern Minnesota has revealed that while 
these areas are important regulators of storm flow, they are not important 
regulators of annual flow patterns (Verry, 1970). Perched wetlands are 
important regulators of spring runoff and storm flows because their temporary 
water storage function results in reduced peak flows and a gradual recession. 
The gradual recession may deplete the storage to guch an extent that runoff 
will cease during dry periods of high evapotranspiration. Under dry condi-~- 
tions perched wetlands may actually act as water sinks as storm runoff is 
taken into storage and lost through evapddcaneptrartonds 

The second type of wetland which has received detailed study in 
Northern Minnesota is the ground-water wetland. These wetlands act as 
discharge areas for ground-water and the water level in the wetland is 
simply an exposure of the water table. This type of wetland provides 
an important temporary storage for storm flow and spring runoff and also 
acts as an important source of ground-water baseflow and therefore 
‘personal communication from Professor H. Ayers, Faculty of Engineering, 


University of Guelph. 
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regulates both high and low flows in the outlet stream (Verry, 1970 and 
Verry and Boelter, 1971). The hydrology of wetlands of this type in 
Scuthern Ontario has been described by Prasad (1961) and by Rai (1962). 
Drainage of ground-water wetlands will result not only in the loss of 
temporary storage and increased peak flows but also in possible changes 
in the rates of ground-water discharge which may affect the timing of 
baseflow in the stream. Impacts in this case may include substantial 
reductions in low flows during dry seasons. 

While the impacts on streamflow resulting from wetland drainage may 
not be overly significant in individual cases, it is again most important 
that the additive downstream effects of the drainage of several wetlands 
within a single drainage system be recognized. 

(b) Stream sediment loads 

The major portion of increased stream sediment loads is probably 
produced during dredging operations and in the immediate post-construction 
phase when erosion of unvegetated banks will be at a maximum. An examina- 
tion of a sample of 12 drains of various ages in West Luther Township, 
Wellington County indicated that a time period of approximately five to 
seven years is necessary for vegetation to cover more than 75 per cent 
of the surface of the drain banks. The drain banks in this region con- 
sist primarily of clay loam and loam till which is prone to considerable 
slumping, and this may reduce the speed of plant colonization. On other 
types of bank material the rate of revegetation may be considerably 
different from that found in West Luther. 

The sediment released during ditching and in the post-construction 


phase may have a lasting effect on aquatic environments downstream. 
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Unfortunately, there is a lack of quantitative data concerning the amounts 
of sediment contributed to streams by land drainage activities. Hansen 
(1971) states that turbidities averaging 31.2 per cent higher were measured 
in the channelized sections in comparison with natural sections of the 
Little Sioux River, Iowa during a period of low run-off. 

Despite the absence of research on this topic, some inferences can be 
drawn from studies of natural streams which may indicate the extent of 
sediment contribution from land drainage operations. Research on 
natural streams suggests that bank erosion contributes a major portion of 
sediment load. Investigations in southwest Scotland reveal that 93 per 
cent of the total sediment removed from a mountain grassland drainage 
basin resulted from erosion of river bluffs (Kirkby, 1967). Approximately 
55 per cent of the sediment load increase in a 26 mile section of the Pine 
River in the northwestern part of Michigan has been attributed to bank 
erosion (Hansen, 1971). Other studies suggest that bank erosion may con- 
tribute between 30 and 60 per cent of the sediment load even in drainage 
basins which contain considerable areas of cultivated land (Anderson, 1954; 
Striffler, 1964). In view of these studies of streams where a considerable 
proportion of the banks are covered with vegetation, it appears not 
unreasonable to suggest that the very extensive disturbed bare banks of 
drains and channelized streams in the post-construction phase, will con- 
tribute in a substantial manner to sediment loads. 

(c) Stream Channel Morphology 

Drainage activity may involve the channelization of natural streams 

and/or increases in the magnitudes of high flows. Changes of these types 


may be expected to result in changes in channel morphology. Stream 
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systems, over a period of time, tend to achieve through natural processes 

a graded or equilibrium state in which the stream gradient, the channel 
form, and other physical characteristics are adjusted so as to move the 
available sediment with the available discharge and a minimum expenditure 
of energy (Leopold, Wolman and Miller, 1963). Changes in any of the 
characteristics of a natural stream, such as are involved in channelization 
or increased flood flows, will result in upsetting the equilibrium, and 
adjustments are to be expected. 

Channelization usually involves the straightening and deepening of a 
natural channel in order to facilitate more efficient flow. This practice 
results in shortening the length of the channel, increasing the gradient 
of the channel and increasing the velocity of flow. The increased flow 
velocity will produce an increase in available energy, and it is likely 
that erosion will take place as the stream attempts to regain equilibriun. 
The literature contains references to increased bank and gully erosion 
resulting from channelization projects (Emerson, 1971). Unfortunately, 
the projects studied are on a larger scale than those involved in drainage 
works in Ontario. If drainage activity results in increases in the magni- 
tude of flood flows, it is likely that the extra energy involved in the 
movement of greater volumes of water will result in changes within the 
system. Increased flows may be associated with increased erosion as the 
stream adjusts to regain equilibrium. While it is beyond the scope of 
this report to attempt to detail the complex adjustments which will take 
place when the equilibrium of a stream system is upset, it is imperative 
that the likelihood of changes in channel morphology when disturbance 


takes place be recognized and taken into account. 
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(d) Water Temperature 


The reconstruction of existing drains and the channelization of 
permanent streams involves the removal of bank, as well as aquatic vegeta- 
tion. The consequent exposure of water to direct solar radiation often 
produces substantial increases in water temperatures. A comparison of 
water temperatures in channelized and unchannelized sections of the Little 
Sioux River in Iowa showed greater daily fluctuations during summer in the 
channelized sections (Hansen, 1971). Maximum and mean daily water tempera- 
tures averaged 0.3 degrees centigrade and 1.3 degrees centigrade greater 
respectively in the channelized section during July. In North Carolina the 
average summer water temperature of 28 sections of natural stream where the 
forest canopy had been undisturbed was 72 degrees farenheit compared to an 
average of 79.4 degrees farenheit on 46 channelized stream sites. (Tarplee 
et al. 1971). Two channelized streams in this study had summer water 
temperatures exceeding 90 degrees farenheit, the maximum legal water tempera~ 
ture permitted under the State of North Carolina's water quality standards. 

The extent of temperature rise as a result of ditching will depend in 
part on the amount of shading by bank vegetation prior to removal. Other 
factors which will influence temperature changes include various hydrological 
characteristics of the drain such as discharge and water depth. 

(e) Water Chemistry 

Land drainage may effect stream water chemistry in a number of ways. 
The increased sediment load created by drain construction adds nutrients 
adsorbed on sediment particles to the aquatic system. However, the most 
important impact arises from the installation of tile drainage systems which 


accelerate the movement of water from fields into open drains and permanent 










a 
‘ie Wie. Sword, ebwagtie: ay éoraod bt ho — —J— £0 bagsreve. aemgd 9 
9— mh od), boneanco aodnoret enoaged st ane bedzia etbaw need bad. 


ip a —J9— — eget mau Jace od .atedaend asoraeb 08 —— 


ak ‘asinine: ante ayonansaowl) viteb xozoun — ewol on | 


a A 
ah? 2 Wek: * — —— be : 


coe rt ae a fo, aoe tt) 








* 


gh 






~ansar so¥eW ited mdse ibaa eduidacs canes, seal) ‘enoksaie. boat mS 


vill aa SE Pus sy +ye paren — 









J6 Whitin dn hy a 
| aes bak, toad, sok nt eat yatsub poksoee — ota ved yloviazeqess 
Mune ‘edge: 
tl sap moat, faust on We auo toroa ae 20 pcwinn sqm e308 ‘enave —— 
gous a : 


Wasa ay 






J i, J 


terory — D——— tee: Ja dosh tacnnds a 0 ao das vaꝛ aaonnob — he ene 4 
rs hl ot ih Pe Oe ade ie 


wed oe yecoiee oul ydute exit a mage bast lacnads ow? les coheed te 30 


yy | a | f 


sorusst9qmn 


a Pee i ney 


ey: mabe ss «2 NMaup — alaat teaad aanon * arnt old ‘rohan bo324er9q — or 


bats 


me awed SLkw Raton th to aiveus & * Fst prvauxeqme? do sae ot a 
rat —F "I At ; a ip 

sporty —9 —D——— rotsessaey ned wd gatbede 0 2auoue oa no 2304. i a 
a UL in : 4 .. 


/ Iaptgoborbyd vo asv bart oak 9 szusersqnas — — titw dokdu o793362 


am Aaqab xezaw hers, ogiastonts ee sinus abst oda to eotamrnaasenesta sae 


| ua uaeaa retah ) * 
ld ial to zodmwe & mk vazelmeda — * masta soota won ognotesb bot J 


—EDRRR sbhe aoi2 sut2eaoo nies a basegns book dnamtbee —— * Oy 






a i ee , i) 7 I 
Jeon et aavcacol BI Bye sisaups —* hii iotausg Jasatbee f1e bodrocba . 
WEGAe 
do tau ed BYR spritesh slid to poking tszank od? nos spake J20qrar gaszr0qat 4 
di bee OA EL AS ak aes Oa 


‘Setoneorseg bane anlarh meqo osnt ebiofi mort — ia Jnomevom add ‘93s Ls 
i ma iL dpi ce ot Apand — 


124 


streams. Consequently, it is likely that fertilizers and pesticides which 
are added to fields may also be removed more rapidly into streams and lakes. 

In the absence of tile drainage, water infiltrates slowly through the 
soil and moves towards the stream channel, either as through-flow in the 
soil body, or as base-flow from the ground water table. During this period 
a variety of chemical and biological actions take place between the soil 
and the water passing through it, which will probably decrease the amounts 
of various chemical elements reaching the stream system. 

The removal of phosphorous and nitrogen from fields into drainage 
systems is of most concern because of their role in eutrophication. Increases 
in phosphorous release are not a major problem with respect to tile drains 
because this element, when applied in fertilizers, is converted to a water- 
insoluble form within a few hours (Taylor, 1967). On the other hand, 
nitrogen applied to the soil is rapidly transformed from the ammonia form 
to the nitrate nitrogen form. Nitrate nitrogen is easily soluble and moves 
downwards rapidly in the soil and can be removed by tile drains. 

The contrast in behaviour of nitrogen and phosphorous is illustrated 
by a recent study of tile drain discharge from a grain field into Tecumseth 
Township, Simcoe County, Ontario (McCague, 1972). Nitrogen and phosphorous 
were measured in the discharge from the tile drain at weekly intervals from 
the end of April to the time the drain ceased to discharge in mid-July. 
Very low concentrations of phosphorous were found in the drain discharge, 
but nitrate nitrogen concentrations were often above 10 PPM and reached 


peaks of 80 PPM a week after fertilizer was added to the field. 
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A variety of other studies also indicate that accelerated losses of 
nitrogen through tile drainage systems may contribute to nitrate levels in 
streams and lakes. Investigation of nutrient losses from tile drainage 
systems in fields under irrigation indicated that nitrogen compounds were 
readily removed, while phosphorous appeared to be mainly fixed (Johnston 
et al. 1965). Plant nutrient losses measured in tile drainage discharge 
from cropping systems on the Brookston Clay in southwestern Ontario indicate 
relatively low releases of phosphorous, whereas nitrogen, calcium, magnesium 
and potassium were higher (Bolton et al. 1970). It was also noted that 
nutrient loss was influenced predominantly by the amount of water flowing 
through the soil and that large nutrient losses resulted in seasons when 
large amounts of drain flow occurred. 

Less research has been carried out on the effects of tile drainage 
systems on the movement of pesticides. Johnston et al., (1967) observed 
that pesticides of low solubility such as DDT were only found in slight 
amounts in tile drains, whereas highly soluble materials such as lindane 
were removed readily from the field in tile drain discharge. 

(f) Stream Biology 

Alterations in stream hydrology, channel morphology, water chemistry, 
sediment loads, and water temperature caused by land drainage in turn pro- 
duce chanzes in stream biology. All biological components of the aquatic 
system may be affected though most research has been devoted to sport 
fisheries. 

The reconstruction of existing drains and the channelization of 
permanent streams has a number of detrimental effects on fish populations 
and on the flora and bottom fauna of streams. Many of these effects are 


direct consequences of the ditching activity. Channelization and drain 
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reconstruction produce flat uniform bottoms eliminating the alternating 
riffles and pools of natural streams. Extensive straightening of natural 
stream channels results in considerable reductions in the length of the 
stream which in turn will lower the standing crop of fish. Straightening 
of the Chariton River channel in Putnam and Adair Counties, Missouri 
resulted in the loss of 29.1 miles of stream, a reduction of 46.7 per cent 
in stream length (Congdon, 1971). 

The greatest direct impact of ditching activity is the complete 
elimination of vegetation cover from the stream or drain. The presence of 
aquatic vegetation, large boulders, natural stream obstructions such as 
tree trunks and branches, overhanging bank vegetation and undercut banks 
provide essential escape cover for fish populations. The elimination of 
this cover by ditching produces a sterile environment which will not 
support substantial fish populations. 

A number of studies have compared fish populations of channelized and 
unchannelized streams. Research on streams of North Carolina's coastal 
plain indicate that natural streams have an average carrying capacity per 
surface acre in excess of three times that found in channelized streams 
(Tarplee et al., 1971). In unchannelized sections of the Chariton River, 
Missouri 21 species of fish were found compared to 13 species in the 
channelized river. The standing crop of fish in the unchannelized river 
was estimated to be 1,654.1 pounds per mile (304.4 pounds per acre) compared 
to 431.1 pounds per mile (52.9 pounds per acre) in the channelized river, 
(Congdon, 1971). 

The effects of drain reconstruction on trout populations has been 


assessed recently in Norfolk County, Ontario (Manson, 1972). A number of 
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physical parameters and the standing crop of brook trout were compared 
between a channelized and natural section of Massecar Creek. (Table 6.1) 

It should be noted that the downstream section which was chosen to represent 
natural conditions was probably adversely affected by siltation during 
ditching and therefore provides a conservative estimate of the potential 
fish population. Manson, (1972) also carried out an analysis of short 
sections of unditched stream immediately upstream from road culverts and 
compared them with ditched sections immediately downstream from the culverts 
of Hay Creek in Charlotteville Township and South Creek in Middleton Town- 
ship, Norfolk County. (Table 6.2). The unditched sections are upstream 
from the ditched sections and therefore have not been damaged by sediment. 
In these examples dredging has resulted in a reduction of greater than 90 
per cent in trout biomass. 

Although in most cases the results of ditching are detrimental to stream 
biology there may be occasional circumstances in which benefits occur. Such 
a situation can arise where a completely closed vegetation canopy screens 
the ditch or natural stream — Me The resultant lack of light penetra- 
tion would reduce the growth of aquatic vegetation. In streams with smooth 
sandy bottoms lacking in obstructions, the detritus is not trapped in 
sufficient amounts to provide an alternative food source for fish in the 
absence of aquatic vegetation. Consequently, such ditches or streams would 


have a very sterile bottom and low productions of fish. Drain reconstruction 


* 
Personal communication from H. J. Manson, Fisheries Biologist, Ministry 


of Natural Resources, Simcoe District. 
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Table 6.1 
A COMPARISON OF PHYSICAL PARAMETERS AND THE STANDING 


CROP OF BROOK TROUT BETWEEN DITCHED AND NATURAL SECTIONS 
OF MASSECAR CREEK, NORFOLK COUNTY (after Manson, 1972) 


MASSECAR CREEK NATURAL STREAM SECTION DITCHED SECTION 


LENGTH OF TEST 
SECTION (FEET) 

















% ESCAPE COVER 


POUNDS TROUT/ACRE 


Table 6.2 


A COMPARISON OF AMOUNT OF ESCAPE COVER AND STANDING 
CROP OF TROUT IN DITCHED AND NATURAL STREAM 
SECTIONS IN NORFOLK COUNTY (after Manson, 1972) 


NATURAL STREAM SECTION | DITCHED STREAM SECTION 
STREAM | LENGTH OF % ESCAPE lbs. /ACRE LENGTH OF % ESCAPE lbs. /ACRE 
NAME SECTION (ft.) COVER TROUT SECTION €£t4) COVER TROUT 
ES SS ee eae 
SOUTH 100 9 3157 100 J 2.6 
CREEK 
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or stream channelization removes the bank vegetation allowing light 
penetration. After a period of time aquatic vegetation would develop 
and the stream might ultimately support more fish. 

There appears to be considerable variation in the rate of recovery of 
a channelized stream or drainage ditch after dredging activity. Extremely 
long lasting adverse effects on fish habitat have been reported from Idaho, 
where stream sections altered 30 to 75 years ago still produce approximately 
80 to 90 per cent fewer pounds of game fish than undisturbed areas of the 
same stream (Woodsworth, 1971). Tarplee et al., (1971) indicate that nature 
can restore a stream and its fish population to pre-channelization levels 
in approximately 15 years provided no further disturbance of the stream 
habitat occurs. The South Creek drain in Middleton Township, Norfolk County, 
Ontario was last dredged in 1964 and by 1972 it had recovered sufficiently 
to provide a reasonably good habitat for trout (Manson, 1972). 

The period necessary for recovery of fish populations can be shortened 
considerably if artificial restocking is carried out once the aquatic 
habitat has returned to a suitable level. In Norfolk County, it has been 
estimated that an average of about three to four years after ditching is 
required for the drain to recover sufficiently to enable restocking with 
trout fingerlings (H. Manson, Pers. Comn.). During this time period 
there is some development of aquatic vegetation and the banks become almost 
completely revegetated, thus reducing erosion and sediment load. Our inves- 
tigations in West Luther Township, Wellington County indicate that after 
five to seven years bank vegetation covered greater than 75 per cent of the 


bank surface and the drain contained considerable aquatic weed growth. 
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Land drainage also creates detrimental effects on stream biology 
downstream from the actual construction site. These adverse effects are 
created by a rise in water temperature resulting from the removal of bank 
vegetation in the ditched sections, and by the increased sediment load. 

Sediment may affect fish either by damaging the organisms directly or 
by damaging the habitat in which the organisms live (Ritchie, 1972). It is 
generally accepted that for sediment to have a direct effect on fish, the 
concentration mist be very high. Wallen (1951) investigated the effect of 
erosion silt on a number of species of North American fish and found that 
they could tolerate turbidities of up to 100,000 PPM for a week or longer 
but the same fish died at turbidities above 175,000 PPM. Herbert and 
Merkens (1961) noted little effect of turbidity on trout at 0, 30 and 90 
parts per million yet more than half of the fish died when turbidity reached 
270 and 810 parts per million. Examinations showed lesions and thickening of 
gill tissues in most of the fish. Direct physiological damage to fish as 
a result of high sediment load created by ditch activity is probably limited, 
since fish can withstand high turbidity for short periods and can move to 
areas of lower turbidity. 

Sediment can damage the aquatic habitat in a number of ways which 
affect fish populations. Reduction of light penetration can be considerable 
and the consequent inhibition of photosynthesis will result in less abundant 
food for fish (Ellis, 1937). Sediment may be deposited on stream bottoms 
covering spawning beds which reduces the survival rates of eggs and alevins 
dramatically (Cordone and Kelley, 1961). Hassler (1970) reported 97 per 
cent mortality among northern pike eggs covered with one millimeter of silt. 
Sediment may also reduce available food for fish by killing many bottom 


living organisms (Apmann and Otis, 1965). 
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Fish which are cold-blooded animals are unable to regulate their body 
temperature and are therefore particularly sensitive to changes in water 
temperature. A considerable amount of information is available on how 
temperature affects the live processes of fish. Most of the effects stem 
from the impact of temperature on the rate of metabolism which is speeded 
up by heat; normally the metabolic rate doubles with each increase of 18 
degrees farenheit in water temperature (Clark, 1969). 

A rise in metabolism increases the need for oxygen and consequently the 
rate of respiration mst rise. At high temperatures an additional problem 
arises because the haemoglobin of the fish's blood has a reduced affinity 
for oxygen and becomes less efficient in delivering oxygen to the tissues. 
The combination of increased need for oxygen and reduced efficiency of 
obtaining it at rising temperatures can put severe stress on fish. 
Evidence is accumulating to show that temperatures which are not so high 
as to cause death may have very adverse effects on the life of fish. In 
experiments on food consumption in brook trout in which live minnows were 
used as food, it was found that the trout were comparatively slow in 
catching the minnows at 17 degrees centigrade and virtually incapable of 
doing so at 21 degrees centigrade (Baldwin, 1957). It has been found that 
brown trout grow more rapidly in cool water (Brown, 1946). Temperature 
also plays a critical role in the reproduction of aquatic organisms. 
Excessive temperatures can prevent normal development of eggs and there are 
critical limits above which fish will not reproduce. 

It is possible the effects of ditching on stream temperature and 
sediment load further downstream may have a more serious impact on fish 


populations than the direct disturbance at the actual work site. This is 





} oa i ab we secetan! tome daby eelduak e3ex ohodasa odd —— o 

9 9 i ie J— ‘i eder xa) suterognoy peewory Stedaera? —* J 
ad —E ‘eel hegyxo 10d been * asesatont mattodssse st — A an 
im Ate ‘ malt dong feos thts om eotudeysiqas 4 Hate ‘GA obRS Skate t * — 


9 ie yainttis beoubos 3 ‘asd boold edet? ens to mbdolgomad af} SBuB5ed esetzs | 





.esueeks oid of cogyRo gutveviieb at jmetotite eee! ‘abmpoeid” ‘Bake sagt ‘v0 ay. 
to ss npmeiiahiae badwbet bas negyxo 02 bean beasetoat Yo noksuatémes edt 
| (Wert no eeataze erevee wa aso eerute7aqmed gnteia ts $2 antitssdo | oP 

. ay oe got’ eta soliw —— — 22 worl oJ gntsslinmso8 et sonebiva Pay 
nt .deki to stif- ods oo e34st2s oatevbs yiev oved yer diseb saves 03 en 
etsw eworntm evil doidw at avo doord at motiqawanos boot no eInemitsqxs 
nt wole ylevisstsqmon stew avert aly Jedd bovot enw dt .book es beau 
to sidsqsont vittuasiie bie sbatgiznes edevash' Ti 3abwendin sity gnidosas 
jad? brwot moed ead 3% .(S2CL  miwhtat) ebsxghtaco eestgab If Je on antob J 
9— —E— (QOL .mword) aetew food at vibiqay sYom wory Jvoxs aword 
-amebnagto —E to nokgouborgs2 siz nt afox tuStS Yo a aysiq cale 
gan oxeds base eggs Yo Shemqolsvob femves Jnsvetq bo eeiuias — ovieasoxd 
-ooubo1qe: tom Iltw Mek? dokdw svods eitmtl Isstsiao 
bas etutstoqned me93%e no gatilostb Yo ssꝛa⸗ ods ofdteeog at 31 
fet? no 3>28qmt alitives Stom 8 sved Yeu Leckie? xoda20t bsol snshtbss 








a at attil .e2te Siow Lsv308 ofa jis sonsdru2etb yoostb of3 nad? 


; oe : 


132 


particularly true in situations where the municipal drains form the 
uppermost reaches of a stream system and do not themselves contain signifi- 
cant fish — inne «. For example, a recent evaluation of the effects of 
a proposed reconstruction of the Rocklyn Creek drain in Euphrasia Township, 
Grey County, Ontario on an important sport fishery expresses concern at the 
potential downstream effects of increases in water temperature and sedimen* 
on brook trout and rainbow trout spawning beds, which occur several miles 
below the site of the drainage preject (Whitney and Westman, 1972). 

Unfortunately there has been a lack of research on the distances that 
sediment and temperature changes are transmitted from sites of ditching. 
These downstream distances will of course vary considerably in relation to 
a number of factors such as stream discharge, extent of augmentation of 
Stream flow by ground water, channel form and gradient, and character of 
bank vegetation. Warm water can be cooled as it passes through shaded areas 
downstream. Stoeckeler and Voskuii (1960) report that the passage of an 
open exposed trovt stream in Wisconsin through the shade of a willow grove 
reduced late afternoon summer water temperature by 10 toe 11 degrees farenheit. 
Further research on the transmission of sediment and temperature changes 
downstream from drain construction sites would obviously be desirable in 
order to assess the extent of adverse effects on stream ecology arising from 
land drainage projects. 
6.6 Wetlands as Pollution Filters 

The construction of minicipal drains may produce additional effects on 
stream water chemistry when marshes and certain other types of wetland are 


involved in the drainage project. 
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Some research has been carried out in recent years on the beneficial 


and detrimental effects of marshes on water quality. The most comprehensive 
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tion which is carried on by various types of micro-organism within the 
marsh. This denitrification takes place when very low or zero oxygen 
concentration is present. These anaerobic conditions may occur for 

most of the year in areas of the marsh where there is an absence of 

water movement (Sparling, 1966). Very low disolved oxygen concentrations 
are also characteristic of the winter period in marshes where an ice 
cover is present. This transformation is important because it changes 
nitrogen from a plant useable form to a gaseous form which is not 
utilizable by plants. 

The importance of wetlands in storing and transforming nutrients is 
indicated by a recent analysis of the phosphorous budget in the Lake 
Minnetonka watershed in Minnesota (Harza Engineering, 1971). The 
results of this study suggest that often 50 to 60 per cent of the 
phosphorous in stream water is removed primarily by marshes before 
the streams enter the lake. 

Marshes reduce the velocity of water flowing into them from streams. 
The water is often spread over a wide area and filters slowly through 
areas of aquatic vegetation. This situation results in the deposition 
of large amounts of sediment before the water is discharged from the 
marsh. The trapping of sediment by the marsh is important for a 
number of reasons. The sediment itself can be detrimental to aquatic 
ecosystems. (see p. 130 )- Furthermore, sediment acts as a significant 
carrier of nutrients and pesticides which can be harmful to aquatic 
organisms and to humanutilization of stream and lake waters. 

Wetlands may also serve as sinks for heavy metals. An analysis of the 


horizontal and vertical distribution of land in a Connecticut salt 
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marsh revealed that concentrations in the surface layer decreased from 
approximately 179 to 198 PPM in the vicinity of storm drain outlets 

from adjacent urban areas, to levels of approximately 80 PPM in the areas 
furthest from the urban complex (Siccama and Porter, 1972). This data 
suggests that the marsh was effective in removing lead from inflowing waters 
and that this lead is accumulating in the marsh environment. A study 

of the pollution of rivers in West Wales, Great Britain by lead and 

zinc mine effluent also indicated that the salts of these metals, carried 

by the Teify River, were adsorbed as the water flowed through the peat of 
the Tregaron Bog (Newton, 1944). 

Wetlands may also have detrimental effects on water quality mainly 
because of increased levels of organic materials which are found in 
waters discharging from wetlands. These organic materials derived from 
the breakdown of decaying vegetation increase the colour and the cop” 
values in discharged waters. Increased colour in water would make it 
unsuitable for drinking purposes as well as for a variety of industrial 
purposes. High colour levels also have a damaging effect on aquatic 
organisms reducing the penetration of solar radiation and therefore the 
amount of photosynthesis. At certain times of the year the discharge of 
water from wetlands may contain very low amounts of dissolved oxygen due 
to utilization by bacteria for respiration purposes. 

A recent investigation of the effects of the drainage and conversion 
of a marsh to agricultural use suggests that drainage eliminates all of the 


beneficial effects of the wetland on water quality and may increase the 
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* R 
COD = chemical oxygen demand which gives an indication of the amount of 


chemically oxidizable organic matter present in water. 
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detrimental effects. An area of approximately 100 acres of land under-~ 
lain by a tile drainage system and producing crops of carrots and onions 
was studied on the Shakey Marsh near Randolph, Wisconsin. The results of 
this study indicated an increase in colour and the organic matter content 
of the water. However, the most significant effect was a large increase 
in the release of various nitrogen and phosphorous compounds. On the 
basis of these results it has been estimated that the release of 
phosphorous from an acre of drained marsh may exceed by 50 times the 
contribution of an acre of average agricultural land in Wisconsin over 


a several year period (Lee, Bentley and Amundson, 1973). 


6.7 Ecosystem Diversity and Stability 

In the agricultural landscapes of southern Ontario the main remnants 
of semi-natural vegetation are found in the woodlots and wetlands. These 
areas maintain some of the complexity of original ecosystems and form 
habitats for a wide variety of organisms which would not survive in open 
agricultural fields. 

Wetlands in particular are characterized by a rich variety of organisms 
and habitats. Some idea of the habitat diversity can be gained from 
analysis of wetland areas in the province. Tiny Marsh in Simcoe County 
comprises areas of open fresh water, deep fresh marsh, shallow fresh 
marsh, fresh meadows, shrub swamp, wooded swamp and bog (Wainio et al., 
1973). Similar varieties of habitats have also been encountered in other 
wetland areas in the province (Dale and Hoffman, 1969). This mixture of 
habitats over small areas is one of the main reasons for the diversity 


of wildlife associated with wetlands. 





a bia ————— — —— i 
ere a a bas yelonst .sa) ‘borreqre0y axoves'a i 








 ponommoy Ate ois. obras nO credsveg Ad eeqerebasl Lavesivetygs ert aly a c 
| geod? ubicelew bas ezofboow ada AE bnvet ote potsezegev Letw2en~knee Ro “a 
| ‘wet bat wtietegadce Lentgive de qaixelqnos of) to emoe ntstnrisor 2607s 
geqo alk evivae gon biuow toisw emeknegro 2o YWalirav sbiw'n 102 etettdard 
wb Lett fexustuabags | 
amekeneto to yiottay ots & vd bestvedsayvens exe r9Iyolsiaq ak ebnalaeW on | " 
| tox? bonles ed mpd ysierevib Jatidnd sis to —* MNOS -esetided: hes 
Seg ruod sosmk2 ot MereM yaiT .sonkvore os ot eserves brelsev to eteyisens. 
| fess? wolisde ,fjetem dadt? qook .To3ew dasxd Aeqo to eso7K — * 
Wi .oIs Jo otnteW) god bas quewe boboow _ quem. dur viia ~awobsem des? Haren | 
Shido) at boreruwtdo: tied cate: aukih-avest det Se Raabe wetiatees AEROS 
96 oturgmiIm all .(CdCL .nemtioll bas sfe0) sonivorq 9f9 oh enone Suaizow 
Yiterevib eda x0} amoensy miam odd Jo ano at esots, iisme revo esestded 
| .ebreitew sdatw bointaoees stbibitv io 


ce 1 





137 


It is obvious that elimination of these wetlands by drainage will 
further reduce the diversity of organic life in rural areas. There is a con- 
siderable consensus among ecologists that a high diversity of organic life 
within the landscape tends to promote ecological stability. Stability in 
this context means that the system is relatively constant through time in 
terms of the variety of species present and their population sizes. In 
other words there is an absence of explosions in native populations and the 
system also tends to resist the invasions of organisms from other areas 
(Elton, 1958, page 145). 

A large variety of organisms within an ecosystem implies that there 
should be a considerable number of interactions between them. Linkages 
between predator and prey are particularly important. When predators eat 
a variety of prey species, the presence of many prey populations may help 
to ensure that when one prey is temporarily low in numbers, the predators 
can turn to others and so maintain a high potential for attack, rather than 
becoming rare and allowing prey populations some of which may be agricultural 
pests to explode in size. (Murdock, 1971). 

The view that stability is correlated with diversity has become something 
of a cliché. Recent research has indicated that the relationship is 
complex and not related solely to the number of interactions between 
organisms (Watt, 1964; Hairston et al., 1968). It is therefore probably 
wiser to regard the correlation between complexity and stability as a 
tentative hypothesis rather than an axiom. Nevertheless, it appears 
wise to retain areas of diversity within the agricultrual landscape 
and refrain from carrying simplification in the interests of increased 


agricultural intensity to an extreme level. 
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Various types of evidence have been used to evaluate the current extent 
and seriousness of the effects of land drainage on the environment. All 
the briefs submitted to the Select Committee on Land Drainage have 
been examined in order to gain an impression of the nature and frequency 
of environmental effects. A considerable number of interviews have 
been carried out with individuals in the Ministry of Natural Resources 
District Offices, the Canadian Wildlife Service, Conservation Authorities 
and universities. These interviews have given some indication of regional 
variations in levels of environmental impact in the province and have 
pinpointed examples of drainage projects which have had an adverse 
effect on the environment. A number of such examples have been examined 
in the field by the authors of this report. 

The detailed questionnaire survey which was carried out on five drains 
in each of seven Townships in different areas of Ontario provides some 
information on the effects of drainage on vegetation and wildlife. 

Further assessment of the situation in these townships was carried out 
by comparing air photograph mosaics dating from 1955, at a scale of 
four inches to one mile, with recent air photographs flown in 1971 and 
1972. Changes in the amount of permanent wetland, woodland and 
channelized streams were noted for this 1/-year period. 

It is difficult to make a precise evaluation of the environmental 
consequences of land drainage in Ontario. The survey of seven townships 
undertaken by the researchers forms a very small sample on which to base 
an assessment of the province-wide situation. The smallness of the sample 


however, may be mitigated to some extent by the fact that the seven 
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townships were chosen to give coverage to all the major regions of 
Ontario, and the sample is biased towards an overrepresentation of areas 
in which impacts on natural vegetation and wildlife might have been ; 
expected to occur. It is difficult to adequately compare the findings 
in these townships with other parts of the province because of the almost 
complete absence of detailed research on the environmental aspects of land 
drainage in Ontario. In this respect the researchers had to rely primarily 
on interviews with a wide range of experts. 

In the absence of researci in Ontario there has been a tendency to 
discuss the environmental impacts of land drainage on the basis of 
published research from the United States. If such comparisons are 
to hold any validity there mst be a strong similarity between the 
characteristics of land drainage projects in Ontario and elsewhere in 
North America. 

A number of the land drainage projects in the United States which have 
been publicized in recent years are major schemes. For example, a project 
consisting of 241 miles of channelization, realignment and enlargement 
of existing rivers and old ditches involving nearly 200,000 acres of 
wetland has been initiated in the Obion-Forked Deer Basin, in Tennessee 
(Barstow, 1971). In Minnesota between 1962 and 1965 approximately 60 
miles of stream channel was excavated on the Hawk Creek and Chetomba Creek 
in order to reduce flooding on farms in the vicinity of these streams 
(Choate, 1971). 

In some parts of the United States, notably in the Southeast, 
agricultural land drainage is expanding at a very rapid rate, and large 


areas of land are being drained for the first time. The rate of stream 
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channelization has accelerated very rapidly since 1954 under the Watershed 
Protection and Flood Prevention Act (Public Law 83-566). The extent of 
drainage of non-agricultural land and its conversion to farming can be 
illustrated by a variety of statistics. In Minnesota and the Dakotas 
between 1959 and 1966 an average of 138,000 wetland acres were drained each 
year, while approximately 80,000 acres of marshes in the 60 most important 
waterfowl producing counties of Minnesota and North Dakota were privately 
drained in the period 1966 to 1968 (Aus, 1969). 

Considerable contrasts are apparent between the characteristics of 
drainage projects in certain parts of the United States and the situa- 
tion in Ontario. On the basis of our analysis of drains in seven 
Townships and discussions with a variety of individuals involved with 
drainage in various parts of Ontario, it is evident that most drainage 
projects in recent years have been relatively small in size. Character- 
istically drains are approximately two to three miles in length, and the 
acreage of land involved in the assessment of benefit and outlet is 
between 500 and 1500 acres. There are a few examples of much more 
ambitious drainage schemes in Ontario, for example the Holland Marsh, but 
most of these date from before the Second World War. Other circumstances 
being equal, small drainage projects are unlikely to have the same 
magnitude of environmental impact as large projects, although the 
cumulative effect of many such schemes can have serious effects. 

In view of the very large increases of expenditure on both municipal 
and tile drainage which have occurred between 1967 and 1971 in Ontario, 
it might be expected that extensive areas of land are being drained for 


the first time and converted into agricultural use. An analysis of 
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engineers reports for approximately 140 drains in the seven townships 
scattered across the province revealed very few new drains. The vast 
majority of the drainage projects involved the reconstruction of 
existing drains, although in some cases the drain was extended and 
new branches were added. It should be pointed out that on the basis 
of existing township records it is often difficult to judge whether 
the drain is new or not. Engineers reports frequently indicate that 
the drain is new when its status changes from an award drain to a 
petition drain. In situations where the drain reconstruction involves 
dredging of an old drain which has been neglected for a long time, the 
environmental consequences may differ very little from a situation 
where the land is drained for the first time. 

It has been indicated in the first section of this chapter that many 
of the most detrimental impacts of land drainage occur when wetlands 
are drained and converted to agricultural purposes. Serious adverse 
consequences can also result from the channelization of permanent 
streams. 

Air photographs dating from 1955 and the 1971-72 period were examined 
for the six sample townships in southern Ontario investigated in this 
report. The disappearance of areas of permanent wetland woodlots, 
as well as changes in the extent of channelized permanent streams, were 
recorded for this 17-year period. (Table 6.3). Virtually no disappearance 
of permanent wetlands or woodlots was noted in West Luther and Ramsay Town- 
ships, while one small woodlot of approximately eight acres was cleared in 
"no recent air photosraphs were available for Caldwell Township in Northern 


Ontario. 
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TABLE 6.3. 


CHANGES IN THE AMOUNT OF WOODLAND, PERMANENT WETLAND 
AND CHANNELIZED STREAMS BETWEEN 1955 and 1971-72 














LOSS OF WOODLAND AND INCREASE IN LENGTH OF 
PERMANENT WETLANDS CHANNELIZED STREAMS 
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*Recent air photographs were only available for the eastern 
half of Ramsay Township. 
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Cumberland. The greatest clearance of woodland in this period occurred 
in Mersea where 27 woodlots totaling approximately 400 acres in area 
were cleared; lesser acreages of 120 acres in Ellice and 100 acres in 
Brooke were also converted to agricultural use. Disappearance of wood- 
land in these townships could not be attributed solely to agricultural 
land drainage. Significant acreages of timber which do not require 
drainage are cleared in intensively farmed areas in order to expand the 
acreage of arable land. Nevertheless, approximately one-half and two- 
thirds of the woodland cleared in Mersea and Brooke respectively was 
adjacent to drains, and it is therefore likely in these cases that 
removal of water from the timber acted as an incentive to convert these 
acreages to intensive agricultural use. 

Little increase in channelized streams was observed in any of the six 
townships for the period 1955 to 1971-72. In Cumberland and Brooke 
a total of approximately one and a half miles of channel was straightened 
on a number of small stream sections. This channelization may have resulted 
from land drainage activities, though in some cases highway construction 
appeared to be responsible. The evidence in these six townships suggests 
that the loss of permanent wetlands, woodlots and natural streams has 
generally been small, despite the very large increase in drainage grants 
during the late 1960's. The greatest change has occurred in south-western 
Ontario, particularly in Mersea Township, and may be explained by the high 
level of farming intensity in this region which has provided an incentive 
to increase the area of agricultural land. In eastern Ontario (Ramsay and 
Cumberland Townships) and the Dundalk Till Plain (West Luther Township), 


agriculture is less intensive and profitable and there is little 
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incentive to convert wetlands and woods to agricultural use. In fact 
in these areas the acreage of agricultural land has declined as marginal 
areas have been abandoned in recent years. 

Examination of the detailed interviews conducted on 37 drains in the 
seven townships gives an indication of some of the consequences of drainage 
on the local environment. (Table 6.4). No attempt was made to investigate 
the larger scale regional impacts of these drainage projects on stream 
hydrology, and wildlife outside the drain area, ‘The interview data mst 
be interpreted with some caution, since they involve the subjective 
judgments of individuals who have a variable knowledge of various facets 
of the environment. The questionnaire focused primarily on small game, fur 
bearers and sports fisheries, and therefore judgments on the effects of 
drainage are limited to these organisms. Bearing in mind these limita- 
tions, the interviews suggest that the majority of drains analyzed had 
no discernible effect on the non-agricultural aspects of the local land- 
scape. The numbers of small game and fur bearers together with the level 
of hunting and trapping appeared to be unaffected by drain reconstruction 
in most cases. Most of the drains analyzed contained insignificant fish 
populations and did not provide any sports fishing either before or 
after ditching. No evidence was found of changes in well water levels 
which could be attributed to the effects of drainage projects on the water 
table. 

In a few cases adverse effects were observed. The reconstruction of 
the Stevens-Zavitz drain in Brooke Township involved the drainage of a 
small 12 acre marsh which resulted in the disappearance of ducks, muskrats, 


raccoons and amphibians from the site. Five or six people a year hunted 
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CUMBERLAND 
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| LALANDE- 
CLEROUX 








NAME OF DRAIN SMITH-STAEL ROBERT WALSH} VAN VLIET CHARTRAND 











CHANGES IN 
WELL LEVELS 
ACRES OF SWAMP OR 
MARSH DRAINED 








ACRES OF WOOQDLGT 
CLEARED 





TYPES OF WILDLIFE 
BEFORE DRAIN 
PROJECT 












Muskrat 
some beaver 


Muskrat 
beaver, duck 














raccoon 
raccoon | some rabbit 


pheasant 


— — 


Muskrat | Rabbie, duck} Muskrat 
beaver 

















CHANGES IN WILDLIFE 
AS A RESULT OF 
DRAIN PROJECT 
NO, OF HUNTERS 
PER YEAR BEFORF 
DRAIN PROJECT 
AFTER DRAIN 
IPROJECT 


No change No change No change No change No change 














Some duck 
hunting 
















Some duck 
hunting 





TYPES OF FISH IN 
DRAIN BEFORE 
PROJECT 


CHANGES IN FIST AS 


A RESULT OF PROJECT — (Pane | pes | 
INO. OF FISHERMEN ; 

IPER YEAR BEFORE ann — we * 

DRAIN PROJECT 
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— — — — — — — — — — — — — — — —— — — — — — — 
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AFTER DRAIN 
PROJECT ia — — oh 
TRAPPING OF -FUR- 
BEARERS BEFORE Some beaver 
DRAIN PROJECT trapping * 
AFTER DRAIN Some beaver — — 
PROJECT | trapping | ain | 
CHANGE IN AMOUNT OF 
J — | 
| 





{ 
{ 
TRAPVING AS A RESULT No change 
pa DPRALN PROJECT | 
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RAMSAY 


NAME OF DRAIN MUNRO | DUNCAN CARL FOSTER| CURRIE ALMONTE - 
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~ — 





CHANGES IN 
WELL LEVELS 


ACRES OF SWAMP OR 
MARSH DRAINED — 






























ACRES OF WOODLOT a 4 Ss _ ! 
CLEARED | 
TYPES OF WILDLIFE rabbit duck geese |rabbit rabbit deer | muskrat 
BEFORE DRAIN beaver Hu. partridge raccoon beaver duck beaver | 
PROJECT muskrat. muskrat muskrat duck 
beaver | 
CHANGES IN WILDLIFE increase | 
AS A RESULT OF No change |because of No change No change No change | 
DRAIN PROJiCT crop changes 
NO. OF HUNTERS Some 
PER YEAR BEFORE — hunting vee 


DRAIN PROJECT 


AFTER DRAIN 
PROJECT 








| — —— 
— Pts 


—— — — — — — — 
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TYPES OF FISH IN 
DRAIN BEFORE 
PROJECT 

CHANGES IN FISH AS 
A RESULT OF PROJECT 
NO, OF FISHERMEN 
PER YEAR BEFORE: 
DRAIN PROJECT 
















AFTER DRAIN | 














TRAPPING OF -FUR- 
BEARERS BEFORE 
DRAIN PROJECT 


Some beaver 
trapping 





AFTER DRAIN 
PROJECT 


Some beaver 


trapping 
hs en AL ARR AERO st ato NS | 





CHANGE IN ANOUNT OF 
TRAPP ING AS A RESULT 
DRALN PROJECT | 





No change | — | — 
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BROOKE* 
as — 2 —— 
i STEVENS- MUNROE PARKER- GOVERNMENT TAIT 
j F 
——— ZAVITZ LUCAS NO, 1 


CHANGES IN 
WELL LEVELS 


ACRES OF SWAMP OR 
MARSIL DRAINED 
ACRES OF WOODLOT 
CLEARED 


TYPES OF WILDLITE 


= 
bo 
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mus krat duck rabbit 













































muskrat muskrat rabbit 
BEFORE DRAIN duck raccoon muskrat rabbit pheasant 
PROJECT raccoon rabbit raccoon raccoon 
beaver pheasant deer (rare) muskrat 
— 
CHANGES IN WILDLIFE muskrat duck | reduction No change No change less ducks 
AS A RESULT OF raccoon ino noi of 
DRAIN PROJECT beaver not muskrat | 
—— | 
iS asa30 | as — 
A X f) ‘ 4 © tind it 
Rien PROTECT (rabbit (rabbit) (rabbit) 
pheasant ) i 
' 
AFTER DRAIN 
- ae -10 
PROJECT ime — | 
i a — — 4 
TYPES OF FISH IN carp carp pike suckers 
DRAIN BEFORE (in spring) — — 
PROJECT { 
DOSS Ee ee ee — 
— oe 
CHANGES IN FISH AS k 
A RESULT OF PROJECT eee —— ——— * 
— ot ag Naat or pike 
NO, OF FISHERMEN 


PER YEAR BEFORE. 
DRAIN PROJECT 
AFTER DRAIN 
PROJECT 








Some muskrat | Some — —— 





TRAPPING OF -FUR- Some muskrat 
BEARERS BEFORE — trapping — 
DRAIN PROJECT 


AFTER DRAIN Some muskrat | Some — Some muskrat 


PROJECT trapping trapping | trapping 


| | 
| | 


trapping trapping 























CHANGE IN AMOUNT OF | | 
TRAPVING AS A RESULT | No change Less 


JOF DRAIN PROJEC' | trapping 
TL Sa As Se Ee Cees em SEN A EME ee eee ee 


No change 





* Black Drain is a tile drain and is not included in the table. 
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ELLICE* 














t — es. inaruge J J 
| QUEREN- 
NAME OF DRAIN WHALING SEIP OHM KUHRYVILLE | Gursspr | 





CHANGES IN 
WELL LEVELS 


— 
























ACRES OF SWAMP OR 10 25 | 
MARSH DRAINED aad 

* * — 
jACRES OF WOODLOT * — 
CLEARED * 
TYPES OF WILDLIFE muskrat muskrat muskrat muskrat muskrat | 
BEFORE DRAIN raccoon rabbit deer, — 
PROJECT rabbit pheasant raccoon 
| pheasant 

| 





CHANGES IN WILDLIFE 
AS A RESULT OF 
DRAIN PROJECT 








No change No change No change 





No change 










6 10~I2 





12-15 
(rabbit) 


NO, OF HUNTERS 
PER YEAR BEFORE 
DRAIN PROJECT 









(rabbit) deer, rabbit) 


— — — — —— — — 


[PER DRAIN 10-12 
PROJECT | 
Ee, ee a a ee Meer, 
TYPES OF FISH IN 4 | 


suckers 
(in spring) 












DRAIN BEFORE 
PROJECT 


ö— — — — — 


ICHANGES IN FISi AS | 
|A RESULT OF PROJECT } 


i — 
} 


INO. OF FISHERMEN 
PER YEAR BEFORE 
DRAIN PROJECT 
AFTER DRAIN 
PROJECT 


No change 






































TRAPPING OF FUR- Some Muskrat Muskrat - Ye 
BEARERS BEFORE +e muskrat trapping trapping — 
veel PROJECT trapping — 
AFTER DRAIN | None Muskrat | Muskrat 
PROJECT | — | eae ho: anal Seale | — 
See — ee eee 
me 
CHANGE IN AMOUNT OF | More | No change | we No — 
TRAPPING AS A RESULT | — trapping 
| = 


wl DRAIN PROJECT | before 


———— aL ae — ——— ————— 





* Satchell Drain is a file drain and is not included in the table. 
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raccoon 


— — — 





— — — — — 








—re——— — —— 


MERSEA 
‘iSite i aia ial — — Oe iy ee ae oe — — — — AS — — — 
— — WILLIAM ; WEST STRAUSS EXT. OF ROBERT 
——— JAMES | MARSH LAND CO. COULSON ANDERSON 
ee ee —— —— Ce | 
CHANGES IN | ; 
WELL LEVELS iat | — — | 
ACRES OF SWAMP OR | 
MARSH DRAINED — Cw aid 4 
— — — — 
ACRES OF WOODLOT 
CLEARED — — rs 
oe haa RR pcm | — 
TYPES OF WILDLI‘SE {| muskrat muskrat rabbit rabbit muskrat 
BEFORE DRAIN ; Pheasant pheasant { pheasant raccoon rabbit 
PROJECT rabbit duck { rabbit | pheasant 
| 





CHANGES IN WILDLIFE 



































MO}? DRALN PROUECS 


i * — 


AS A RESULT OF No change -} No change No change No change No change , 
DRAIN PROJECT | 
te ne ——— —— — — — a —— — — — —— 
NO. OF HUNTERS 15-20 | Je 5-6 
PER YEAR BEFORE (pheasant —— (rabbit | — (pheasant) 
DRAIN PROJECT rabbit) | 
— — — — — — — — ——— — ——— 
AFTER DRAIN | | 
PROJECT T-20 | — | eo — a a 
IYPES OF FISH IN 
DRAIN BEFORE carp pike carp pike — | 
jPROJECT ' 
— — — —— — —— — —— ——————————— 
ICHANGES IN FISH AS | | 
A(RESULT (OF PROTECT jj N° change lt ae * | F aa | 
NO. OF FISHERMEN | 
PER YEAR BETOR: —— | | 20520 — | — on, | 
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“ { aw — — — 
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AFTER DRAIN some muskrat | some muskrat 
PROJECT trapping i trapping : — | — — 
NN ee eres ade A ass eee eae ee 
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WEST LUTHER 


NAME OF DRAIN | NO. 56 — NO. 50 


CHANGES IN 
WELL LEVELS 
ACRES OF SWAMP? OR 
MARSH DRAINED 





eee — — 


NO. 1&4 











| 
















ACRES OF WOODLOT 
CLEARED : 




















































TYPES OF WILDLIFE muskrat muskrat muskrat muskrat 
BEFORE DRAIN mink duck partridge rabbit i duck deer 
PROJECT rabbit rabbit deer duck rabbit 
raccoon duck deer raccoon raccoon 
_ owe mink i mink 
CHANGES IN WILDLIFE muskrat No mink | 
AS A RESULT or duck No change No change now | 
reduced in 





DRAIN PROJECT 
NO. OF HUNTER‘ 
PER YEAR BEFORE 
DRAIN PROJECT 
ATER DRAIN 
PROJECT 







numbers __ 






Lom 2) 


2-4 10-15 
(duck rabbit) (duck rabbit — (rabbit) 
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—— | oe 15-20 
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DRAIN BEFORE 
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A RESULT OF PROJECT 
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CHANGE IN AMOUNT OF | No change Trapping | | 
ITRAPVING AS A RESULT | ceased we | ae 


{OF DRALN PROJECT 


— — — — —— — — — — — · — — — — — — — —— — —— — — — 


ne —* 


D6 
— ee — a! 


on — 
uy 


* 
eh 


: = 
; * — — via a 
— 
i pa 


ey 2 | — 














sinker, ae 


| her 
“Wtdden) —— 


ea 





ee a es —— 





—— νν- bees 


* 


— * 





Asum ene sexleum smoe 
— — — | — | palqqetd 





— — eam: 





— N a 


elie antagetd 


| gniqanytT | sansdo of | 30 THVOMA HE me 
1 i .» beeaes Viet A ga OAL 
) : . * Won sath 
et See cee reer — 


| * ————— anoo 
| 
/ 





Si 
| 
| 


‘ { 
We — — —— — — — — — 
} * 


TABLE 6.4 (Cont'd) Pg. 151 
CALDWELL 


— — * 
ARBOUR RAINVILLE | CLEMENTS 


—— — 


— — — — — — 



















NAME OF DRAIN LAFERRIERE SAVAGE 


CHANGES IN 
WELL LEVELS 








ACRES OF SWAMP OR 
— DRAINED 
AcREs OF WOOCLOT 
ICLEZRE} 











TYPES OF WILDLITE rabbit rabbit muskrat 
BEFORE DRAIN muskrat [susie 
PROJECT beaver 











muskrat beaver 
beaver muskrat 
rabbit 











CHANGES IN WILDLIFE 
AS A RESULT OF No change No change No change 
DRAIN PROJECT 


— — — 


No change No change 
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duck on the marsh before drainage, and this activity has now ceased. Some 
reduction in numbers of muskrats and ducks were noted on the Nunroe and 
Tait drains in Brooke Township and on drain number 53 in West Luther in the 
period after dredging. The Smith-Stael drain in Cumberland Township is 

a new drain for approximately two-thirds of its length and penetrates 

into the eastern portion of the Mer Bleue, a unique bog located within 

10 miles of Ottawa. he effect of this drain on the vegetation and 
wildlife of the bog could have been serious. liowever, beaver dams on 

the Savage drain which lies to the west have resulted in water overflow- 
ing eastwards across the bog to the Smith-Stael drain, preventing 
agricultural use of the land on the west side of the drain. In a number 

of cases, particularly in West Luther and Cumberland, ditching took place 
in permanent wetland. Although these areas were usually not converted to 
agricultural use some adverse effects to vegetation and wildlife may have 
occurred as a result of the removal of standing water. It must be 
emphasized, however, that there is no evidence of these adverse consequences 
in the interviews with land owners. 

In the seven townships which have been studied in detail it appears 
that recent drainage activity has not resulted in a major loss of natural 
habitats, and witn a few exceptions there has not been a major reduction 
in small eame animals and fur bearers in the vicinity of the drain. 
Caution mist be exercised in transferring these conclusions, derived from 
seven townships, to the province as a whole. sdowever, interviews with a 
variety of experts suggest a low rate of permanent wetland loss as a 
result of agricultural land drainage in the past decade. In the more 


urbanized portions of Ontario along the Toronto-Windsor axis the loss of 
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permanent wetlands as a result of urbanization and highway construction 
has been much more serious than the loss due to agricultural land 
drainage. 

Two further points must be stressed with regard to agricultural drainage 
of wetlands. Although the overall rate of wetland loss in the province 
has been low in recent years, there are some areas in which the conversion 
of swamps and marshes to agriculture has been high. For example, the 
Stroud Swamp and portions of the Cookstown, Randall and Adjala Swamps 
in Simcoe County have been drained for use as market gardens and sod 
farms. Many potholes and wetlands in the townships north and west of 
Toronto have been drained to remove peat for commercial use in the last 
decade (Ministry of Natural Resources, 1973). 

Furthermore, a low rate of wetland loss may still be very serious if 
it occurs in areas where there is a lack of wetland acreage. <A survey 
based primarily on reports of the Ontario Soil Survey which dates 
mainly from the period 1950-1960 gives some approximate information 
about the extent of remaining wetland acreage in this period (Ministry 
of Natural Resources, 1973). In the 36 counties included in the assessment 
an average of only 50 per cent of the original wetlands remain, while in 
the intensively farmed counties of Essex and Kent wetlands have been reduced 
to approxmately ten per cent of their original total. This data suggests 
that even a low rate of permanent wetland loss may have a serious environ- 
mental impact, particularly on wildlife in parts of southwestern Ontario. 


Waterfowl would certainly be seriously threatened by any further reduction 
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in the number and sizes of marshes on the Great — Such a reduction 
would result in very high densities of migrant waterfowl on a few marshes 
which could seriously increase their vulnerability to disease and to severe 
storms. 

The views expressed regarding wetlands and wildlife are also relevant 
to stream channelization and sports fisheries. A small proportion of recent 
drainage projects have had serious adverse consequences for sports fisheries. 
Drain construction and stream channelization have damaged trout streams 
in Grey County and near Komoka and Strathroy in Middlesex County. (Ministry 
of Natural Resources, 1973). Data illustrating the impact of ditching on 
trout streams in Norfolk County have been presented in the first part of 
this chapter. (page 127). These adverse effects are particularly serious 
in areas where certain types of sports fishing are in short supply. In 
eastern Ontario there are very few cold water stream fisheries. The best 
stream in the region is actually a municipal drain (Allen's Drain, Mountain 
Township, Dundas County) which is stocked by the Ministry of Natural —— 
If this stream undergoes reconstruction the sports fishery will be lost for 
a considerable time period. The detrimental effects of drainage activities 
on trout streams in iiorfolk County is enhanced by the fact that this area 
contains the only cold water streams within the Lake Erie drainage basin. 
— hnAl, communication from D. Dennis, Canadian Wildlife Service, Aurora, 
Ontario. 

* * 


Personal communication from R. G. Baldwin, Ministry of Natural Resources, 


Cornwall District. 
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The effects of drainage activity on the physical hydrology of drainage 
basins in Ontario has been particularly difficult to evaluate. There is a 
lack of previous research on which to base such an assessinent, and in the 
present project the researchers have not been able to document such impacts. 
However, several of the briefs presented to the Select Committee have 
indicated the potential serious impacts of extensive land drainage activity 
on flood flows and low flows (Ministry of Natural Resources, 1973; Grand 
River Conservation Authority, 1973). 

In recent years the Conservation Authorities of Ontario have spent 
large sums of money on water management projects for flood control and low 
flow augmentation. These projects have included the construction of dams, 
reservoirs and flood control channels. The designs of these projects are 
such that in order for the progranmes to achieve full effectiveness the 
hydrologic characteristics of the basin must remain relatively stable. 

Large numbers of drainage projects, particularly in water storage areas 

in the headwater sections of drainage basins, have considerable potential 
for offsetting the efforts of the Conservation Authorities to provide flood 
protection and to guarantee reasonable levels of low flow. The Dundalk Till 
Plain in Grey, Dufferin, Wellington and Simcoe Counties is an example of 
significant headwater region which has recently experienced the construction 
of a considerable number of drains which may affect the Saugeen, Grand and 
Nottawasaga Rivers (Whitney, Burdett and Hunt, 1972). 

In attempting to assess the impacts of the great increase in drainage 
activity which has occurred since 1967, it is important to recognize that 
the full impacts on flood flows and low flow patterns are most difficult 


to evaluate. The nature of hydrologic events only occur occasionally, but 
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it is these occasional extremes such as a flood or drought, which can account 
for mich damage. If drainage projects affect runoff patterns in such a way 
as to reduce the effectiveness of a flood control structure, an cxtreme 
flood event may cause excessive damage. While it is not possible to document 
the risks involved, this question deserves careful study and may be one of 
the most serious of all the environmental impacts of recent land drainage 
activity in Ontario. 

Some consideration snould be given to drain maintenance practices in 
assessing the environmental effects of land drainage at the present time. 
It has already been pointed out that the major portion of drainage grants 
in recent years has involved reconstruction of existing drains. General 
practice in most parts of the province has been to allow drains to 
deteriorate over a period of years, and then to undertake a major recon- 
struction. This practice may be inefficient in terms of providing for 
adequate removal of water from agricultural land, and may reduce agricultural 
benefits, while at the same time increasing the long-term costs of municipal 
drains. Paradoxically this practice probably has fewer adverse effects on 
the environment than most other methods of maintaining open drains. In the 
interval between reconstruction, which may vary from six to eight years in 
areas of sandy soil (Norfolk County) to 15 to 20 years in heavy clay soils 
(Kent County), the drain habitat may be utilized by various types of wild- 
life, and provides some hunting and fishing in parts of the province. 

A number of briefs to the Select Comittee on Land Drainage advocate 
changes in maintenance practices of drains. It has been suggested that 
streamlining of municipal drains would enable more efficient maintenance. 


At the present time several drains may empty into a cormon outlet with a 
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separate bylaw covering each drain. In this situation each drain is 

usually overhauled separately, often at different times. If these drains 
were combined into one drain system under one bylaw the whole system 

could be dredged out at the same time. This procedure might be more 
efficient from an agricultural viewpoint but would result in a greater J 
adverse impact on wildlife and fisheries because of the larger area 

involved in reconstruction. It has also been suggested that drains 

should have small scale maintenances at frequent intervals of approximately 
two years which would involve removing silt from the drain and the 

clearance of aquatic and bank vegetation. It is claimed that this pro- 
cedure would increase the efficiency of the drains and would considerably 
lengthen the time interval between massive drain recansteaetieng — 
Unfortunately, this procedure would probably totally eliminate the use- 
fulness of drains as a wildlife habitat because of the frequency of 
disturbances. In areas such as Norfolk County where a number of the drains 
contain trout populations and are utilized for sports fishing in the intervals 
between major reconstruction, the introduction of frequent maintenance would 
probably substantially reduce the trout population. 

Experiments are currently being undertaken in Windham rautenty Norfolk 
County on the use of vegetation to stabilize drain banks thus reducing main-= 
tenance costs and prolonging the life ot the —E 
eana communication from D. Rogerson, Drainago Commissioner for 
Windham Township, Norfolk County. 

Tracsonal communication from Professor EH. Watkin, Department of Crop 


Science, University of Guelph. 
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The decrease in sediment loads in drains and permanent streams which would 
probably result from revegetation could reduce the adverse consequences of 
ditching on fish populations. However, the seeding mixtures, consisting 
mainly of grasses, will create a vegetation cover which will not offer a 
suitable habitat for many types of wildlife. 

The views which have been expressed regarding the environnental 
impacts of recent land drainage in Ontario must be regarded as tentative 
in the absence of comprehensive research. It is necessary to establish 
an inventory of environmental resources in the province. Wildlife 
capability and suitability maps are now available and the Wildlife Branch 
of the Ministry of Natural Resources is currently studying ways of 
estimating actual numbers of important game animals associated with various 
types of habsbases The Sports Fisheries Branch of tne Ministry of Natural 
Resources is in the initial stages of a province wide assessment of streams. 
An inventory should be made of the percentage of remaining permanent wet- 
lands and the extent of stream channelization througnout the province, 
Inventories of the type described above are of the utmost importance 
because they will not only allow a more detailed assessment of the environ- 
mental consequences of future drainage projects, but also of many other 
types of human modification of the environment. 

The environmental consequences of drain construction should be 
investigated by monitoring a number of projects before and after ditching. 
The work of Manson (1972) detailing the effects of ditching on trout 
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Personal communication from A. Hauser, Wildlife Branch, Ministry of 
Watural Resources, Queen's Park, Toronto. 
eX 


Personal communication from L. Cox, Sports Fisheries branch, Ministry of 


Natural Resources, Queen's Park, Toronto, 
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populations appears to be the only study of this type which has been 
undertaken in Ontario. A high priority should also be given to research 
on the regional effects of land drainage on the physical hydrology of 


drainage basins. 


6.9 Conclusions 

The bulk of drainage activity in the last decade has involved the 
reconstruction of existing drains, rather than the drainage of large new 
areas of land. Consequently, the overall provincial rate of disappearance 
of permanent wetlands as a result of agricultural land drainage has been 
relatively small during recent years. Wetland loss however, has been 
considerably more rapid in a few areas, particularly in the counties to 
the north and west of Toronto. 

The vast majority of drainage projects studied in this report did not 
appear to have a serious detrimental effect on natural vegetation and 
wildlife within the local drain area. However, a minority of agricultural 
land drainage projects do have a serious effect on the environnent. 
Moreover, the cumulative effect of a number of drainaze projects each of 
which individually has only a minor adverse effect on the environment may 
be serious in sone parts of the province especially in those areas where 
the remaining supplies of permanent wetlands and natural streans are at a 
critical level. 

The impact of individual drainage projects on stream hydrology is 
probably very small. However, the cumulative effect of a number of 
municipal drains and associated tile drainage systems within a drainage 
basin may have a considerable influence on flood peaks and other hydro- 


logical variables, as well as on water quality. 
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Basic research is urgently required in order to establish more clearly 
the magnitude of the environmental impacts, and to enable more objective 


decisions to be made on the merits of future drainage projects. 
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Chapter 7 


LAND-USE CONFLICTS RESULTING FROM DRAIN CONSTRUCTION 


7.1 Introduction 

A major concern of the Select Committee on Land Drainage, and of 
many persons or groups throughout the Province as evidenced by the briefs 
and hearings of the Committee, is land-use conflict resulting from the con- 
struction of agricultural drains. This chapter examines evidence accumulated 
by the researchers concerning two kinds of conflict alleged to be particularly 
prevalent--those in wetlands, and those along the interfaces between rural 


and urban areas. 


7.2 Wetland Conflicts 

Wetlands provide a classic case of conflict in resource utilization. To 
the farmer wetlands are often a nuisance causing delays and increasing costs 
of farm operations. They may also be regarded as areas of potentially rich 
unexploited agricultural land. Both of these viewpoints encourage wetland 
drainage and conversion to cropland. At the same time these wetlands, in an 
undrained condition, fulfill a wide variety of functions which are of consid- 
erable significance to the public interest. A growing awareness of the 
variety of wetlandfunctions has resulted in an increase in the number of 
conflicts arising from agricultural drainage of these areas in Ontario. 

A number of approaches have been adopted in reviewing the problems of 
competing land use in wetlands. Firstly, the various types of wetland and 
their major functions have been documented in order to emphasize the full 


range of competing land uses which can be involved. Many of these func- 
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tions have not been considered in recent wetland conflicts in Ontario. 
Secondly, the general characteristics of competing land uses in Ontario 
wetlands have been analysed by means of interviews with Ministry of Natural 
Resource personnel, engineers, agricultural representatives and others. A 
review has also been made of all the briefs submitted to the Select Committee 
on Land Drainage and of the hearings conducted by the committee. Finally, 

two drainage projects involving the most common types of wetland conflict 

in Ontario, have been examined in some detail. In these cases field surveys 
and interviews with landowners have been carried out in order to assess the 


agricultural benefits as well as the adverse effects on other wetland uses. 


(a) natural functions and use-values of wetlands. 

Wetlands vary in depth, durability and ecological characteristics. 

These distinctions are important because the economic feasibility of re— 
claiming land is dependent upon these characteristics. Moreover, wetlands 
of different types have differential significance for wildlife and a variety 
of other functions. In Ontario, the most common terms used to describe wet- 
lands are marsh, swamp and bog. 

There is some concensus among researchers that a marsh can be defined as 
an area that is temporarily or permanently covered with water. Trees are 
usually absent and the main types of vegetation are grasses, sedges and reeds. 
(Penfound, 1952; Heinselman, 1963). The term swamp has been used to loosely 
describe all types of wetlands, but can be defined more precisely as a wet- 
land that supports tree vegetation (Vetch and Humphrey, 1966). Penfound 
(1952) divides swamps into two types, deep and shallow. Both types support 
tree vegetation, but in the deep swamp, standing water persists throughout 


most of the summer, whereas in the shallow type surface water is not present 
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during the growing season. The word bog is used in many different senses and 
sometimes includes marshes and swamps as well as true bogs. Dansereau and 
Segados-Vionna (1952) have reviewed a number of contrasts between bogs and 
swamps. They suggest that bogs are wet areas often dominated by heath 
vegetation and conifers, such as black spruce and underlain by a more or less 
continuous stratum of sphagnum moss. Unlike marshes or swamps, bogs usually 
contain few areas of open water. 

An outline of the major functions of wetlands provides some indication 
of the conflicts of interest which can arise in relation to the use of these 
areas. 

The agricultural potential of organic soils has been recognized for 
many years. The drainage of wetlands and their conversion to agricultural 
use has created a number of successful farming areas in Ontario, the most 
notable of which is the Holland Marsh, which produced over ten million 
dollars worth of vegetables in 1967 (Leeson, 1969). However, wetland 
drainage has also produced agricultural failures such as Luther Marsh in 
Wellington County and Tiny Marsh in Simcoe County. 

Wetlands have also been drained in order to extract peat moss for utili- 
zation in agriculture, industry and the home. This practice is currently 
prevalent in townships near Toronto. In many cases wetlands are not con- 
verted to cropland, but are drained in order to improve adjacent agri- 
cultural areas. 

In an undrained condition wetlands fulfill important hydrologic func- 
tions and may be significant as pollution filters. These roles have been 
discussed at some length in Chapter 6. The pollution filter function may 
take on added significance, if the wetland is located near an urban area, or 


is surrounded by agricultural land on which considerable quantities of 


fertilizer are used. 
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Wetlands provide essential habitats for a wide variety of wildlife. 
The significance of this role varies with wetland type. Small potholes 
and large permanent marshes are particularly important for waterfowl, 
whereas bogs are of little significance owning to a lack of open water areas. 
Many types of wildlife not normally associated with wetlands also depend on 
these areas for protection and cover at certain times of the year. 

In many agricultural areas wetlands provide the only remnants of semi- 
natural habitat and thus act as reservoirs of biological complexity within 
a simplified landscape. Ecological theory suggests that the presence of a 
diversity of habitats and organisms is important in reducing the possibility 
of pest outbreaks. The arguments surrounding this role are complicated and 
research data are largely absent. 

Wetlands are significant in providing certain types of recreation, par— 
ticularly hunting, fishing and nature study. The importance of fishing and 
hunting as recreational pursuits can be gauged from the fact that in 1967 
28 percent of the residents of Ontario fished and 13 percent hunted (Ministry 
of Natural Resources, 1973). The distribution of fishing and hunting activities 
in Ontario gives a good indication of areas where serious conflicts are likely 
to occur between recreation and agricultural demands for wetlands (Figs. 7.1 
and 7.2). In 1971 there was a total of 86,691 waterfowl hunters in the 
Lake Simcoe, Lindsay, Aylmer and Lake Huron —— Waterfowl hunting is 
obviously directly dependent on the availability of suitable wetlands. However, 
other types of hunting for deer, pheasant, Hungarian partridge, ruffed grouse 
and European hare, although they may not occur within wetlands, are neverthe- 


less equally dependent on the existence of such areas, since wetlands provide 
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* 
Statistics supnlied by Ministry of Natural Resources. 
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necessary cover, particularly in winter, for these types of wildlife. 

General wildlife-oriented recreation pursuits such as birdwatching and 
nature study are of considerable importance in wetland areas for a number of 
reasons. These areas often contain a large variety of habitats which en- 
courages the presence of a much greater diversity of wildlife than areas 
of more uniform habitat. Furthermore, wetlands may contain unusual or rare 
plants (orchids, ferns, etc.) and animals which can not be found elsewhere 
in the region. For example, in 1963 a pair of Hawk Owls nested on the Mer 
Bleue near Ottawa, some 300 miles to the southeast of their normal breeding 
range. (Smith, 1970). 

Wetlands are of little importance with respect to intensive types of 
recreation activities. Swimming, picnicking, camping, boating and cottaging 
are excluded due to the unsuitability of the environment, and the presence of 
large populations of mosquitoes and black flies. 

Wetlands may provide a considerable range of opportunities for education 
and research. This function of wetlands is utilized relatively infrequently 
but can attain considerable importance in areas where wetlands are adjacent 
to large urban centres, or where a wetland has some unique characteristics 
which are not duplicated except at distant locations. It has beenestimated 
that the swamps of the Alcovy River in Georgia have a value of $100,900 
annually as a site for college field trips and graduate research (Wharton, 
1970). The Mer Bleue, a unique bog which lies within ten miles of Ottawa, 
provides an outstanding area for research and education. It was the first 
location in North America for which an analysis of fossil pollen was made, 
and the bog has heen extensively used for research by the two universities 
and various government departments in Ottawa (Baldwin and Mosquin, 1969). The 


Byron Bog which lies within the city limits of London, Ontario has also 
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proved invaluable as a study area for many groups including natural history 
clubs, students at the University of Western Ontario, and in primary and 
secondary schools (Judd, 1967). 

Wetlands can have a considerable importance in enhancing the quality of 
life by providing an open space and aesthetic function. This role is an 
intangible one which is almost impossible to measure. Wetlands may supply 
areas of open space near urban centres which can be incorporated as an 
essential part of the developing community (Niering, 1970). It is also 
possible to suggest a number of aesthetic benefits which can be derived from 
these areas. In some types of wetland the association of diverse forms of 
vegetation interspersed with open water may create areas of scenic beauty. 
Another kind of scenic value is derived from the role of the wetland as a 
distinct landscape component and its contribution to landscape diversity in 
a region (Gupta, 1972). 

Muskrat, beaver, mink, otter and to a considerable extent raccoons are 
associated with wetlands. The majority of furs harvested in Ontario are 
provided by these animals. In Aylmer, Hespeler, Lake Simcoe and Kemptville 
Districts alone, wetlands support a fur industry of between one half and 
one million dollars and provides supplementary incomes for 700 persons, 
of which about 20 percent are farmer-trappers (Ministry of Natural Resources, 
Ro? 3) x 

Wetlands in Ontario are not usually of major importance for forestry 
purposes. Bog areas containing white cedar, aspen, tamarack and silver 
maple are of little value for the production of commercial forests. A survey 
of forested wetlands in Simcoe County indicated that these areas would be 
classified as class 4 or 7 because of the severity of their limitations for 


forestry (Leeson, 1969). Hardwood swamps are utilised for timber products 
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in areas of southwestern Ontario, but their value is much lower than upland 


hardwood stands dominated by sugar maple. 


(b) analysis of wetland conflicts described in briefs and interviews. 

A considerable number of briefs, particularly those submitted to the 
Select Committee by non-agricultural groups, make reference to the subject 
of wetland conflicts. However, neither in the briefs nor in the researchers’ 
interviews has it been possible to find fully documented cases of conflicts 
in which detailed assessments have been made of the extent of damage to al- 
ternative land uses resulting from drainage of wetlands for agricultural 
purposes. 

The evidence available does indicate the occurrence of a number of wet- 
land conflicts, although these seem to make up a small percentage of the 
total number of recent drainage projects in the province. The extensive 
agricultural areas of Southwestern Ontario appear to have had relatively 
few wetland conflicts in the last decade, as would be expected in view of 
the small remaining percentageof wetland in this area. However, conflicts 
between waterfowl and agriculture are involved in the recent drainage of two 
marshes on Lake St. Clair. 

Fears have been expressed regarding serious wetland conflicts on the 
Dundalk Till Plain in Grey, Dufferin, Wellington and Simcoe Counties 
(Whitney, Burdett and Hunt, 1972). Although little actual clearance of 
wetland is involved a number of recent drains pass through wetlands. Wet- 
lands in this region are of considerable significance from a hydrological 
viewpoint, since the area serves as the headwaters for the Saugeen, Grand 
and Nottawasaga Rivers. Several thousand acres of forest, much of it 


wetland, have been purchased by Conservation Authorities for purposes of 
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preserving these headwater areas. Wetlands in this region are also 
significant for wildlife and wildlife-based recreation. 

The counties to the north and west of Toronto appear to have experienced 
the highest rate of recent wetland disappearance in Ontario. In Simcoe 
County portions of the Stroud, Cookstown, Randall and Adjala Swamps have 
been drained for market garden crops and sod production. Many potholes 
and wetlands in this region have also been drained to remove peat for 
commercial use. These activities have adversely affected wildlife and 
recreational roles of wetland areas. 

In eastern Ontario a few cases of wetland conflicts have been observed 
(Ministry of Natural Resources, 1973). A drain which has been installed in 
the Winchester Bog (Dundas County) appears to have damaged a Provincial 
Wildlife Area. Drains on the Alfred Bog have resulted in the drowning of 
deer and moose. Two drains which are in the proposal stage will damage 


waterfowl habitats in Limerick Forest and Wolford Bog. 


(c) detailed case studies of wetland conflict. 

The seven townships and sample drains selected for detailed study did 
not reveal any major example of a wetland conflict. A number of drains, 
particularly in West Luther, Cumberland and Ramsay did involve small 
acreages of wetland though none of these areas was converted to agriculture. 
There was no evidence that these drains precipitated any major disputes 
involving competing uses of the wetlands. It was therefore decided to 
examine two additional drainage projects which appear to involve major 
conflicts. 

The drains were selected in order to represent the two categories of 


conflict which have received most attention in Ontario. The Martin Drain 
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involves a conflict between agricultural drainage and the water storage 
role of wetlands, whereas in the case of the 8th Line Municipal Drain the 
conflict involves wildlife and the recreational role of wetlands. These 
drainage projects were investigated in order to present a eat assessment 
of all costs and benefits involved; and to give an indication of the extent 
to which the present Land Drainage Act deals adequately with these situa- 
tions of competing land use. 

MARTIN DRAIN 

The Martin Drain is located in Burford Township, _ Brant County (Fig. 4.1) 
and was constructed in 1969. The drain extends for a distance of approximately 
six miles and includes 1,850 acres within its drainage area. Approximately 
60 percent of the drain length is located in hardwood swamps. A petition to 
construct this drain was initiated in 1968 by three landowners in Lots 9, 

10 and 11 in Concessions 8 and 9. (Fig. 7.3). 

The outlet for the drainage waters from this area is a watercourse which 
drains to the south through woodland, part of which is owned by the Long 
Point Conservation Authority. This watercourse apparently was an existing 
municipal drain (Harley - McCormack), but had not been maintained for more 
than 40 years so that at the time of the petition there was little evidence 
of a defined watercourse, and the woodland was in a swamp condition. 

The woodland owned by the Conservation Authority was purchased in order 
to preserve a natural water storage area and for multiple-purpose forestry. 
These properties are currently managed under agreement by the Forestry Branch 
of the Ministry of Natural Resources. 

The Conservation Authority, concerned that the installation of a drain 
would adversely affect the woodland, made an examination of their property 


in 1969. This unpublished report provides some evidence of the characteristics 
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Figure 7.3 The Martin Drain, Burford Township, Brant County 
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of the Conservation property prior to construction of the drain. Squeeze 
tests of the surface layers of the muck soils produced water in a number 

of areas, indicating the presence of a high water table. In some locations 
there was evidence of standing water during late spring and early summer. 

The level of watertable as indicated by study wells varied between two and 
five feet below the ground surface. It was concluded that construction of 
the drain would result in a drop in watertable of one and a half feet below 
the pre-drain level. The maximum lateral effect of the drain on the water- 
table was estimated to be approximately 200 feet. It was felt that this 
change in the watertable would not cause any injury to trees, but that the 
water-holding role of the properties would be damaged. As a result of this 
report it was obvious that the Conservation Authority would derive no benefit 
from the drain, and the assessment for benefit levied against these properties 
was cancelled as a result of a successful appeal before the County Court 

in November, 1969. 

The Conservation Authority, despite their initial survey of the area 
did not monitor the effects of the drain on the swamp after construction. 

The present assessment of the impact of the drain on this area is therefore 
based on a visual inspection of the area by two of the authors accompanied 
by foresters from the Simcoe Office of the Ministry of Natural Resources. 

The construction of the drain resulted in direct damage to the woodland 
caused by clearance along the drain right-of-way of an unusually wide strip 
of 130 feet of timber. Moreover, over part of this area the drain contractor 
cleared the trees before the Conservation Authority could itself harvest 


the timber. Saw logs up to 20 inches in diameter were bulldozed to one side. 


* 
A letter protesting this clearance written by Mr. Halpenny (District Forester, 


Hespeler Office) is on file with the Long Point Conservation Authority. 
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It should be noted that the salvaging of wood under these conditions only 
produces about ten percent of the value derived from cutting the standing 
timber. 

‘Visual inspection of the woodland, which consists of silver maple, 
cottonwood, black willow and some ash, revealed no obvious damage to trees 
near the drain as a result of lowering the watertable. Silting had occurred 
and the drain in places is now only two and a half to three feet in depth 
instead of the original depth of four and a half feet. Fifty yards from 
the drain the watertable was encountered at approximately two feet below 
the surface. 

Interviews with landowners near the drain produced little evidence of 
serious effects on the environment. Areas of privately-owned woodland 
adjacent to the Conservation Authority land were drier after installation 
of the drain. Two landowners indicated that their irrigation ponds in 
the vicinity of the drain experienced a fall of water level of four or 
five feet after dredging of the drain. 

The installation of the drain has probably reduced the importance of the 
woodland as a water storage area in spring. The use of the area for forestry 
does not appear to have been damaged by the small drop in watertable. The 
drain may have produced some small beneficial effects in the woodland. The 
cleared strip along the drain is now heavily overgrown with silver maple 
and balsam poplar saplings and forms an attractive area for wildlife. It 
is also possible that the somewhat drier soil conditions will encourage 
the colonization of the woodland by more commercially valuable trees such 
as the sugar maple. 

A survey of a sample of farms along the Martin Drain, identical to 


the surveys undertaken in the sample townships, revealed that construction 
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of the drain has been a significant benefit to local agriculture (Table 7.1). 
Improvement of pasture grasses, increased yields, and some switches to 

more productive crops have enabled farmers to raise more beef and dairy 
cattle. Benefit-cost ratios for the project (procedures for calculation 


described in section 5.2) are as follows: 


Life of Drain 


5_years 12 years 20 years 
6Z interest rate 1.31 2.61 “3.57 
8% interest rate 1,24 2.35 3.06 
10% interest rate 1.18 2.12 2.65 


It would appear that the drainage project has been a clear success 
from the standpoint of agricultural production, detrimental in that the 
wetland's capacity as a reservoir has been reduced, and not particularly 
harmful or helpful to the trees in the woodland. 

8th LINE MUNICIPAL DRAIN 

The 8th Line Municipal Drain is located in Innisfil Township, Simcoe 
County, and was constructed in 1969 (Fig. 4.1). The drain involves the 
channelization of a portion of Lover's Creek which extends through the 
middle of the Stroud Swamp. Approximately 5,200 acres are included within 
the drainage area, of which 1,600 acres are in forested swamp. (Fig. 7.4). 
A petition to construct the drain was initiated principally by a landowner 
wishing to eliminate flooding on 100 acres of agricultural land adjacent to 
the north end of the swamp. 

Prior to the construction of the drain, approximately 200 acres of land 


in the centre of the swamp on either side of County Road No. 21 were flooded 
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Figure 7.4 The 8th Line Municipal Drain, Innisfil Township, Simcoe County : 
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Table 7.1 Pg. 183 


STROUD DRAIN 






4 — muck and silty clay 

Soil conditions loam (Simcoe — 

Total no. of properties | 49 By 
a ‘ ; ined... Rost, of. $y ro- 

No. of farmers interviewed 9 fined — enefi 6 j 





Type of drain project beg aia 
No. of sample properties 
with field underdrainage 
prior to project 


No. of sample properties with 
field underdrainage instal- 
lation since project 


No. of acres with new 
field underdrainage 


i jai, gai 


Total cost of new field 
underdrainage 

Farmer's estimate of no. of 
acres affected by drain 


No. of acres assessed benefit 












MARTIN DRAIN 
Sand and muck 





33 


9 the prop. with 
PYrerTrTre AOBPE BS 


dredging old channel 


76 


$3000 


413 
333 


Land-use change none some improvement of 
pasture and switch 

No. of farmers reporting 0 4 
increased yields — ano 1 
Market value of increased | 
crop production 0 $2600 { 
Average annual increase in 

0 $5,700 




















cost of inputs due to drain 
(inel. field underdrainage) 


Types of input changes 
besides field underdrainage 


Average no. of days earlier 
seeding possible 


Changes in livestock 





Changes in gross income 
from livestock 


Increase in income due to 
change in feed sales or 


purchases 


Net annual increase in 
arm income (calculated) ; 


Farmer's estimate of increase 
in income (mode) 


— — 


Farmer's estimate of no. of 


years requ'd for drain to never 
pay_for itself (mode) —— 
Total cost of drain ror $7,290 


sample properties 





— 


purchase more beef 
and cattle 
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More beef and dairy 
cattle 


$12,675 


+$340 


$6,975 
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because of a number of beaver dams. The major portion of the swamp was 
forested, the main species being white cedar and trembling aspen with small 
amounts of birch, balsam fir, willow and black ash. The swamp provided an 
ideal area for ducks and marsh birds. In autumn 200-300 ducks used the 
swamp as a resting area during aipretion.” Deer and a variety of other 
game animals, as well as furbearers such as beaver and muskrat, also 
inhabited the area. 

Approximately 25-30 people hunted duck and deer in the swamp each year. 
Despite the hunting the swamp provided good protection for waterfowl and 
deer, because the flooding prevented easy access to large portions of the 
swamp. There was also some trapping of beaver and muskrat in the swamp. 

The construction of the drain resulted in the elimination of the 
flooded areas of the swamp, thus largely destroying the value of the area 
for waterfowl and marsh birds. Drainage has probably also reduced the value 
of the swamp as a water storage area, and may have increased flood peaks 
further downstream on Lover's Creek. Unfortunately no discharge record is 
available for this stream. 

The beaver have disappeared from the swamp and drainage has also adversely 
affected other furbearers. According to local landowners deer are still 
present in the area, but the swamp now provides less protection because 
drainage has increased the accessibility of the land to hunters. The 
importance of the area for recreational hunting has declined with the 
disappearance of the ducks, although there is still some deer hunting. In- 


terviews with landowners indicate that trapping of furbearers no long occurs 
* P 
Personal communication provided by Dr. F. Gilbert, Department of Zoology, 


University of Guelph. 
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in the swamp. 

The adverse effects of drainage on wildlife and hunting have been sub- 
stantial in the four years since drain construction, and are about to 
become even more serious as a result of recent sales of substantial areas 
of land to holding companies who are in turn offering the land for sale 
in 10 to 25-acre lots for marketing gardening. Already small acreages of 
land adjacent to County Road No. 21 have been cleared of vegetation, and 
eventually at least 500 acres of swamp timber may be cleared eliminating 
the wetland as a wildlife habitat. 

The majority of landowners within the benefit area of the drain have 
not gained any agricultural benefits. In fact, none of the sample farms 
in the agricultural survey have, as yet, undergone any increases in pro- 
duction (Table 7.1). The land at present still remains wooded and has not 
been converted by the original owners to agricultural use. However the 
construction of the drain does appear to have acted as an incentive for 
speculators to buy the land from the original owners. Holding companies 
now own a considerable acreage of the Stroud Swamp and are offering more 
than 500 acres of land for sale. 

The following advertisement appeared in the Toronto Star on Wednesday, 
August 15th 1973. 

GARDENING LAND 
10-20 acre parcels from $17,500 - $19,500 
each. Valuable fertile black soil similar 
to the Holland Marsh. Located S. of Barrie 
close to Hwy. 400, excellent investment, 
completely severed. 

A field examination of these areas which are tor sale raises some 
doubts concerning their excellence for market gardening. Inspection of the 


banks of the drain indicate that the depth of black muck soil varies widely 
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from less than one foot to approximately three and a half feet. At least 
one of the areas adjacent to County Road No. 21 from which the vegetation 
has been bulldozed has only 12 to 15 inches of black soil underlain by 
silty clay loam. Observations in Simcoe County indicate that a lowering 

of the surface elevation by six to ten inches occurs in removing the 

forest cover and in the initial soil loss of the first two to three years 
of cultivation. It is generally felt that muck soil depth must exceed four 
feet before the land can be regarded as having a good capability for 
agriculture. (Leeson, 1969). 

Clearly, the environmental damage to the Stroud Swamp has been consider- 
able due to the construction of the drain. Further, little agricultural 
benefit has occurred, and there is some question as to whether or not the 
agricultural benefits will ever materialize. The one clear "benefit" of 
the project may have been to make the land attractive to land speculation 


and, eventually, to other buyers, probably from urban areas. 


7.3  Urban-Rural Drainage Conflicts 

Conflicts between owners of agricultural and other rural land and owners 
of urban land have been referred to in many parts of the Province. Yet, as 
with conflicts between agriculturalists and conservationists, well documented 
cases are difficult to find; and one is led to suspect that such conflicts 
may be either very infrequent or rather unimportant. To investigate the 
problem the researchers undertook three studies: (1) an analysis of the 
briefs submitted to the Select Committee on Land Drainage and of the hearings 
conducted by the committee; (2) a survey of a sample of "urban" properties 
along the drains selected for detailed analysis in the seven townships; and 


(3) an investigation of an alleged urban-rural conflict on the periphery of 
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the City of Niagara Falls. 
(a) analysis of rural-urban conflicts described in the Briefs and 
Hearings of the Select Committee 

Rural-urban conflicts are mentioned many times in the briefs and the 
summaries of the Committee hearings. Nevertheless, cogent descriptions 
of specific cases are most rare. One encounters many references to the 
“urban problem" or to the problem of "urban shadow," but is left wanting 
for a real understanding of what the problem is. However, by piecing 
together comments from a number of briefs or hearings, many of which overlap 
in their concern for a particular case, eight major categories of problems 
can be identified. 

(1) urban-rural cost sharing 

When an agricultural drain passes entirely through farmland, particularly 
when all farmers derive direct benefit from the drain, the problem of 
determining how the costs of the drain are to be shared is minimized. But 
when the drain passes through a residential, commercial, or industrial area, 
(e.g., to permit connection with an outlet downstream), and is seen as pro- 
viding no benefit to the surrounding urban properties, the urban owners may 
resent having to pay an "unfair" portion of the construction costs (e.g., 
Sarnia hearing, Jan. 9, 1973). This problem appears to become serious = 
urban owners are aware that they are paying more than a minimal or token 
cost. Not only urban landowners are dissatisfied in this kind of situation, 
however. In some cases decisions have been made to construct more costly 
drains through urban areas than through the main agricultural area that 
is deriving benefit. For example, closed drains may be required for 
urban areas while open ditches suffice elsewhere. Under these circumstances 


farmers have complained because their assessments have been high in order 
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to subsidize costly construction to satisfy "urban demands." Clearly, no 
smooth-functioning mechanism for determining rural-urban cost sharing is in 
practice. 

(2) physical damage to agricultural drain in urban areas 

Some reference in the hearings and briefs is made to physical damage 
which occurs to agricultural drains when they pass through urban areas (e.g.; 
brief by Likerr). The view is expressed that the urban population does not 
understand the function of the drains, nor of the need to keep them clear 
of garbage and other fill. In one recreation area urban cottage owners 
are reported to have blocked a drain's outlet to the lake, apparently with~- 
out realizing the effect on the drain's functioning (hearing in Cayuga, 
ai 23). 2973) » 

(3) the effect of land speculation on drain construction 

Many references are made to the detrimental effects of land specula- 
tion on the construction and maintenance of agricultural drains. It is 
argued that land speculators, who own significant acreages in the urbanizing 
portions of Ontario, have no real long-term interest in agriculture, and have 
no interest, therefore, in applying for drainage grants. This can have the 
effect of stopping genuine farmers in the region from getting drains con- 
structed or maintained. One case is sited where farmers could not qualify 
for an A.R.D.A. drainage grant because the A.R.D.A. officials felt that an 
insufficient quantity of "oenuine" agricultural land would benefit (hearing 
in Cornwall, Aug. 29, 1972). 

(4) the effect of "ribbon" settlement patterns on drain construction 

A common form of “urban" settlement in Ontario is the string-like 
distribution of houses along rural roads, normally referred to as "ribbon" 


development. Although controls under the Planning Act have deterred this 
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form of settlement in recent years, it is common surrounding almost every 
city, town, and village in the Province. Ribbon development potentially 
gives rise to two problems concerning agricultural drains. One is the 
possible tendency for non-farmers to physically abuse drains in which 

they have no interest. The other relates to the instigation of procedures 
to undertake drain construction. Some have argued that, with the emphasis 


in the Drainage Act on the number of property owners rather than the 


| 
| 


acreage they own, a majority of “urban” landowners with small (e.g., l~acre) 
lots can stop farmers who own the overwhelming portion of the land from 
petitioning for drain construction with a subsidy (hearing in Cayuga, July 
23, 1973). This conflict in interest is seen as a serious threat to genuine 
farmers, who appear to be in an "unfair" position. 

(5) pollution of wells by agricultural drains 

It has been reported (e.g., brief by Mrs. M. Sol) that agricultural 
drains have caused urban well water to become polluted. Presumably, the 
drain water, "polluted" by runoff from fields, has infiltrated the ground 
water which supplies wells. The researchers have found no firm evidence 
supporting this claim, and can neither confirm nor reject it. 

(G6) pollution of drain water by urban land users 

A fairly common report in the briefs and hearings concerns the pol- 
lution of drain water from urban sources, particularly septic tanks (e.g., 
hearing at Sarnia, Jan. 9, 1973). It has been noted that the water in drains 
which passes through residential or industrial areas can be observed to 
be polluted. The implication is that, without the drains to spread the 
pollutants, the problem would not arise. The researchers have not observed 
this problem first hand, but recognize that it does arise. A recent study 


published by the Ministry of the Environment documents the problems in the 
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Township of Sandwich South (1972). 

(7) improper hookups to drains 

Closely related to the last-mentioned problem is that concerning illegal 
hookups to drains. Problems have arisen where urban landowners have permitted 
water, either storm runoff or septic systems, to flow directly into drains 
(e.g., brief by Kent Co. Soil and Crop Imp. Assoc.). This can result 
not only in water pollution but also the overloading of drain channels. 
When overloading occurs the drain can not function properly, and water 
backs up in fields. 

A special case of improper hookups occurs when urban areas as a whole 
(e.g., a municipal government) wish to use agricultural drainage channels 
as an outlet for storm runoff. Even when the urban area is prepared to 
modify the channel to carry the increased load, problems can arise if 
rural residents see this action as a threat to the "naturai" status of 
the rural landscape. The researchers examined such a case near the city 
of Niagara Falls, which is described later in the chapter. 

(8) rural-urban sociological problems 

The researchers have concluded that many of the urban-conflict 
problems referred to in the briefs and hearings have a basis in fact, but 
that they also tend to he exaggerated or over-simplified by a lack of 
understanding by all parties concerned. It appears to be too easy for 
farmers to blame urban areas for having little concern for agricultural 
interests: and it is obvious that many urbanites have little understanding 
of the function of agricultural drains. Both urban and rural groups appear 
to develop unfair biases about the other, and tend to generalize rather 
intricate problems under the standard heading of "urban" or "rural." One 


sometimes gets the impression that "urban" problem really means a problem 
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with urban people, and that, in turn, town dwellers see agricultural drains 
as nuisances created by farmers. Perhaps the situation is inevitable, but 
it can have the undesirable effects of clouding real issues and of deterring 
progress in the fair solution of important controversies. 

(b) Analysis of Conflicts in Urban Portions of Sample Townships 

The seven townships and sample drains selected for detailed study were 
chosen to allow a good opportunity for rural urban conflicts to be uncovered. 
Care was taken to include growing towns and drains adjacent to those towns. 
Yet very few drains studied had "urban" properties assessed part of the pro- 
ject cost, and no drain appeared to inspire any particular response--good 
or bad--from an urban area. 

The "urban" properties encountered in the drain analysis were usually 
"ribbon'"'-type properties strung along rural roads. They ranged in size 
from one-quarter to 10 acres. As indicated in Section 4,4, 10 percent of 
all such properties, which tended to outnumber by far the farm properties 
along drains, were studied. 

The situations examined by the researchers failed to uncover any of 
the problem situations mentioned in the briefs or hearings of the Drainage 
Committee. Many of the urban landowners were unaware that they were located 
near a drain, and they seemed unaware that they had been assessed outlet 
costs. None reported any inconvenience or benefit caused by the drain. No 
farmers interviewed indicated any problem emmanating from the urban landowners. 
One can only conclude that, for those areas selected for detailed study, rural- 
urban interests appeared to be entirely compatible. 

Since the urban landowners were assessed such a small portion of the 
construction costs (usually only a few dollars) they were either unaware of 


or completely satisfied with the drain and the cost~sharing mechanism. Just 
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as for farmers who derived no benefits from drain construction, the urban 
landowners who were aware of the situation appeared to accept their share of 
the collective responsibility of assisting those who wished to see drain 
construction go ahead. | 

(c) Analysis of Land-Use Conflicts on the Outskirts of the City of 

Niagara Falls 

At the request of the Select Committee the researchers undertook a 
detailed investigation of alleged conflicts along the rural-urban fringe of 
the City of Niagara Falls. The conflict was brought to the attention of 
the Select Committee at a hearing in St. Catherines on July 16, 1973 (8:00 p.m.) 
(see transcript of meeting, pp. 105-139). Persons appearing before the 
committee expressed the strong feeling that stream channelization undertaken 
by the City of Niagara Falls was detrimental to farm operations and the 
environment. 

Several days in the Niagara district were required to gain a detailed 
understanding of the conflict situation and of the sequence of events 
surrounding it. 

Following is an account of the history of the conflict as interpreted 
by the researchers. The sequence of occurences is interesting, as it may 
be one of the clearest examples of a genuine rural-urban conflict. The 
authors will make no value judgements regarding blame in this conflict, as 
the matter will continue to be before the courts, and since vital data, 
particularly regarding stream flows and environmental impacts, are unavailable. 

The area of concern coincides roughly with the watershed of Shriners 
Creek, which flows westwards through the City of Niagara Falls towards the 
Welland Canal (Fig. 7.5). Currently Shriners Creek and its tributaries 


comprise a drainage area of about 1,935 acres, limited on the north by the 
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Figure 7.5 Western Outskirts of the City of Niagara Falls 
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Ten Mile Creek watershed and on the south by the watershed of the Beaverdams 
Creek system. The eastern boundary is approximately the Queen Elizabeth 
Highway (QEW), and the western limit approximates the western boundary of 
the City of Niagara Falls (Thorold Town Line). According to current plans 
an area east of the QEW will be included within the watershed following the 
extension of storm sewers into the various tributaries of Shriners Creek, 
This would increase the size of the watershed from 1,935 to 2,807 acres. 

In June, 1968 the City of Niagara Falls commissioned R. V. Anderson 
and Associates Ltd., Consulting Engineers, to report on flood control and 
pollution abatement within the City of Niagara Falls Municipal Area. The 
time span to be considered was 37 years, with recommendations made to the 
year 2005. The report recommended improvement of approximately 37,600 
feet of streambed along several branches of Shriners Creek to facilitate 
storm sewer relief. It was also recommended that north-south collectors be 
attached to the main channels, and that channel improvement specifications 
allow for future intensive residential and industrial development. 

At the time of the R. V. Anderson Report, the City of Niagara Falls 
had intended to limit development to the east of the QEW until all land 
in the area had been developed. However, rising land costs within the 
area led the City in 1973 to adopt the North-West Residential District 
Secondary Plan, which allowed for the development of 1,170 acres west of 
the QEW. (Official Plan Amendment No. 43). Most of the land to be de- 
veloped over the next 25-year period (996 acres) will be within the Shriners 
Creek drainage area. The total North-West area which will be eventually 
developed comprises approximately 2,000 acres, of which 298 acres in 
addition to the 996 is within the Shriners Creek watershed. When the 


entire North-West area is developed only 23 percent of the watershed 
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will remain as "rural" land. 

Following the recommendations of the R. V. Anderson Report, watercourse 
improvement on the W-5-1 branch of Shriners Creek was initiated in September, 
1969. Under Section 377, Subsection 15 of the Municipal Act, land was 
acquired to facilitate channelization between Kalar Road and the QEW. Land 
acquisition, widening and deepening actually began in September, 1971. In 
December, 1972, a bylaw was passed for the deepening and improvement of 
portions of two additional tributaries of Shriners Creek: 

(1) W-5-2 tributary from Kalar Road westerly approximately 1,000 feet; 

(2) W-5-3 tributary from Kalar Road westerly approximately 1,800 feet, 

The W-5-4 tributary is to be deepened and improved west of Kalar Road 
(1,300 feet) by the developer of Ascot Woods Subdivision. Under agreement 
the developer is required to improve the stream and deed the necessary 100- 
foot right-of-way over to the city, free of cost. Watercourse tributary 
W-5-5 will not require improvements in the foreseeable future. 

The above channelizations and expropriations (100-foot rights~of-way on 
all channels) are deemed necessary by the City of Niagara Falls to attain 
the following objectives: 

(1) to provide for a sufficiently deep outlet for badly needed storm 

sewers east of the QEW, and to alleviate basement flooding; 
(2) to develop vacant lands east of the QEW in accordance with the 
Official Plan; 

(3) to curb rising local real estate costs by allowing residential 
development in rural areas west of the QEW (North-West Residential 
District Secondary Plan); 

(4) to prevent overloading of the Niagara Falls pollution control 


plant because of continued storm and sanitary sewage from newly 
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developed land; 

(5) to avert prohibitive costs in running storm sewers uphill to the 
Niagara pollution plant; 

(6) to expropriate 100-foot rights-of-way along entire water course so 
that 


a) if any erosion problems occur, they will be under the 
sole jurisdiction of the Municipality; 


b) by acquisition of land downstream from development, any 
threat of legal claim would be eliminated; i.e., flooding 
and remedial measures can be taken where necessary; 

c) by expropriating under the Municipal Act, farmers will 
not be taxed on land that can not be farmed. Since the 
channel improvements are for urban areas, the costs are 
assessed against the Urban Service Area and not against 
the local farmers; 

d) land can be set aside for the creation of a small man- 
made lake in the upstream area. The lake could be used 
for possible flood control downstream (the city has pur- 
chased 40 acres of land on Shriners Creek at Garner Rd. 
for this purpose). 

The land expropriation and channelization procedures have prompted a 
considerable response from rural dwellers within the Shriners Creek water- 
shed who are opposed to the projects. A major group opposing the action, 
the Committee of a Thousand, was created in 1968 to aid residents in the 
Niagara region in their fight against conflicts which threatened rural land, 
particularly to advise various groups on procedures for attacking environ- 
mental problems. The Committee of a Thousand, whose membership peaked at 
about 700, currently has 20-25 "hard-core" members. The Committee has 
advised local residents on procedural methods involved in opposing the 
Shriners Creek improvement scheme, and has encouraged the formation of the 


Shriners Creek Rural Area Preservation Group (SCRAP). 


SCRAP, headed by a local farmer, has a membership of approximately 








PAN ah — 
| ‘ J 9 * i ar aie! 











‘ite sae * 5* mnordenwob ‘bas ee 
— — i bamndmnt to od E ti —* 







— ———— * nomen SOR ie , 
fh wi i. A re mr i ie Fal Vy 
“ithe — 454 Iaqto tmnt ads 2eba0 gotta ‘sna isi i 
odd eamke, —* bowie? ad tan ae * Malte ma 99 9 
eth — BS9Th Hadme 228 35* Satie eae ou a PO 9 
tenioage ton * BTA so btn rem mi J yt 
| 4 og dtsool ody —4 "ham; Ly 
cts « 20 not:asr3 dé nah hind 368 ots beat al aan 
besw @iiRiwe> otal <:'T cove mete acd etd nk ‘otal sham)” ‘he 
~toq eet yato orf?) ma ossanwoh Lomtem» boolt — 10% — i's J 
bik annd ae diva) Stenting mo bret Io eats 08 beans ve | | 
Fis aa et MGR ia a ii 


& beaqnorg ¢ * aaaubsoorq tzeꝛ atoamn a⸗ tine —— brat ot S 


“T9380 food ronhaie oda niday era Lon faxue mori — J—— 


wmokton aig gatsoco quoty rote — Aeotorq odd os Pespase. 38 ody bode 


ows nh atnsbkaey bie og Baer ak begnoss any basaupet 2 to 9932.Lmm03 oft i. 


ebrel Inter boteseeads Ao keiw e398 2na9 tentege — Nou⸗ at moltgor Bteg8iM 


-noxivns gnidoetae. 102 ——— sia equery awoksey selves oo vinelustozag 
38 hoxsaq sidivadiia x80dw 


.basevonT b to 9992 mmo st seul dorg — J 
Le 
aad sortinwed edt ———— — ———— ze⸗ ot wad vlansr 2, 003 ie 






— oe ry Kn 


; WANE |S AY BN 
4 1 





197 


eighteen local landowners, all opposed to the channelization scheme. Early 
in 1973 the group applied for an interim injunction against the project 
which would enable residents to discuss the matter with City representatives. 
The plaintiff's claims were for: 


(1) an injunction to restrain the City of Niagara Falls from inter- 


fering with the physical and biological characteristics of Shriners 


Creek and its tributaries; and 
(2) a mandatory injunction requiring the City of Niagara Falls to 


preserve and replace previously existing natural environmental 


characteristics of the area-~i.e., flora and fauna--where disturbed. 


The Supreme Court of Ontario turned down the injunction on the grounds 
that the case lacked professional advice regarding effects on the natural 
environment. It felt that proof of damages could not be substantiated. 

Currently, SCRAP is compiling data for a case against the City of 
Niagara Falls with respect to the W-5-2 and W-5-3 watercourse improvements 
on Shriners Creek as well as other creeks in the area (Beaverdams Creek 
W-6-4 and Ten Mile Creek). SCRAP'S specific concerns are: 

(1) the effects of additional water on fish spawning grounds in down 

stream areas; 

(2) the effects on the Muir Wildlife Sanctuary at the junction of 

the W-5-5 watercourse and the main branch of Shriners Creek 
(shown as a biologically sensitive area in the Niagara-Lake Erie 
Transportation Study) ; 

(3) the effects of channelization on areas designated as “hazard lands" 

in the Niagara Peninsula Conservation Report, Vol. 2, 1972; and 

(4) the effects on the natural environment within the vicinity of the 


various streams. 
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Finally, farmers in the area are also concerned about the expropriation of 
land along tributaries which pass through their properties. Although several 
expropriations will not be carried out for some time, the effect will be to 
divide farm properties into "unmanageable units." An example cited is the 
channelization of the W-5-5 and W-6-4 watercourses, which will leave a strip 
250 feet wide to be farmed. 

Clearly, the Shriners Creek drainage project has given rise to a rural- 
urban land-use conflict. Since the project was initiated under the Municipal 
Act, the general procedures under the Drainage Act do not apply and are not in 
question. But the rural residents feel that the Drainage Act should somehow 
be involved, which reflects the feeling that the two Acts can be seen to 
overlap along the rural-urban fringe. Lack of knowledge on the part of 
SCRAP as to the legal procedures under the two Acts has contributed to their 
frustration. Furthermore, although legal notices of the scheme were publicized 
in local newspapers beginning in December, 1969, it was not until December, 
1972 that the rural residents became aware of it. The feeling that the legal 
notices were insufficient has increased the rural-urban split, and reconfirmed 
the farmer's belief that the City does not care about them or their land. 

Channelization was initiated because of recommendations in the R. V. 
Anderson Report, a highly technical engineering report which did not consider 
the full environmental consequences of the project. The Niagara Peninsula 
Conservation Authority supports the scheme, although the researchers are 
unaware of any studies undertaken to support or refute the claims concerning 
negative impacts on the natural environment. The City of Niagara Falls has 
ruled out the possibility of alternative storm sewer projects, although 
it would be useful if alternatives, together with economic and ecological 


costs, were examined. 
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Finally, it is apparent to the authors that communication between the 
rural and urban groups is seriously impeded at this time. Both groups claim 
to be willing to discuss the matter with the other, but suspicion and 


disrespect seem to have prevented this from occurring. 


7.4 Conclusions 

Aside from the detailed conclusions identified within Sections 7.2 and 
7.3, four general conclusions concerning land-use conflicts are apparent: 

(1) Although land-use conflicts of the wetlands and urban-rural types 
can be documented and are of real concern to responsible citizens, the 
findings of this study suggest that genuine conflict situations are rather 
rare. In the vast majority of cases the construction of recent agricultural 
drains has lead to no serious conflicts in land use. 

(2) Although problems of competing land use in the urban fringe and in 
wetlands have been singled out for study, it should be noted that drainage 
projects which affect permanent streams constitute a further category of 
drains which involve land-use conflicts and problems of public versus private 
interests. A number of cases of conflicts arising from the adverse effects 
of drains on sports fisheries have been recorded in recent years in Ontario, 
particularly in Norfolk, Grey and Bruce Counties. 

(3) In areas of genuine land-use conflict current procedures for 
obtaining approval for drain construction have not been adequate to deal 
with the problems of potential conflict. This applies primarily to the 
Drainage Act but also to other Acts (e.g., the Municipal Act) that have 
some concern with drains in conflict areas. 

(4) A number of schemes alternative to current practices can be 


envisaged which might be able to assist in the resolving of potential land- 
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use conflicts. Four primary possibilities are presented here, while fuller 


legal implications are analysed in Chapter 8. 


(1) Full Benefit-Cost Analysis Prior to Drain Construction 

Benefit-cost analysis can provide a logical framework for the evaluation 
of a course of action, and it has been used extensively in the resource 
management field. The general procedure is to place a precise quantitative 
economic value on all benefits and costs associated with a project, and to 
make decisions concerning the advisability of the project on the basis of 
the values of the benefit-cost ratios. The researchers envisage severe pro- 
blems, however, for the use of this technique in Ontario except, possibly, 
for drainage schemes much larger than the norm or for special rural-urban 
drains. Firstly, many of the values associated with environmental impacts 
(e.g., in wetlands) are intangible and cannot be measured readily in mone- 
tary terms. Some procedures are available for attaching quantitative values 
to the recreational role of wetlands (Goldstein 1971, Barstow, 1971), but 
this only measures the value of one of the many functions of a wetland. No 
practical means are currently available for measuring the economic value of 
the hydrologic, pollution-filter, aesthetic or other functions. If a very 
large project were being considered, similar, for example, to the large- 
scale U.S. projects where benefit-cost analysis has been used with some 
success, it would probably be advisable to attempt to apply the method. 
But drainage schemes in Ontario are small in scale, and the large amount 
of research necessary to attempt a full benefit-cost analysis prior to 
drain construction would, in all likelihood, not be feasible. If a drain 
were being considered where rural-urban conflicts were likely without the 


added complication of "environmental" conflicts, it might be possible to 
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assign economic benefits and costs rather easily to alternative proposals. 
Many of the urban-related conflicts reported in Section 7.3, however, con- 


tain too many intangibles for this approach. 


(ii) Land Use Planning 

A number of briefs presented to the Select Committee on Land Drainage 
suggest that problems of competing land uses where environmental impacts 
are involved could be resolved by zoning the landscape into various 
categories. 

Category 1 Areas where drainage should be facilitated because of 
high agricultural benefits and a minimum of land-use conflicts. 

Category 2 Areas where drainage should be prohibited because of the 
likelihood of environmental damage. 

Category 3 Areas where the situation is less clear-cut and considerable 
study would be required on each project before drainage could be allowed to 


proceed. 


In some cases the type of land-use planning advocated appears to involve 
zoning at a macro-scale. For example, category 1 would include most produc- 
tive agricultural areas in the province. A second school of thought suggests 
the use of the three types of category at a micro-scale involving the map- 
ing of small drainage basins which could ultimately be fitted together to 
form a master plan for an entire major watershed. The results of this study 
of land drainage in Ontario suggest that land-use zoning at a macro-scale 
would not be particularly helpful in resolving conflicts. The wide varia- 
tion in the extent of agricultural benefits at the individual drain level, 


even within a single township, indicates that it is unrealistic to indentify 
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large regions of the province in which drainage should be facilitated because 
of its agricultural benefits. The prohibition of drainage in certain parts 
of Eastern Ontario would certainly prevent the construction of some drains 
which produce considerable agricultural benefits. Conversely, the automatic 
approval of all projects in Southwestern Ontario might result in the dis- 
appearance of the last remnants of wetland which, by virtue of their very 
scarcity, may be regarded as of major ecological importance. The much more 
detailed land-use zoning involved in the micro-scale drainage basin approach 
appears to be more realistic in terms of judging the advisability of land 
drainage projects. However, the amount of work necessary to evolve detailed 
zoning of this type appears to be considerable and may only be justified 


in areas of intensive land drainage activity. 


(iii) A Regional Drainage Committee 

It is possible that many cases of competing land use might be resolved 
if greater consultation took place between various interest groups during 
the planning stages of a drainage project. 

A partial model for this type of consultation is already in existence 
and has operated with some success for at least the past year in relation 
to decisions on ARDA prants to drainage projects. Rural development 
councillors, who are responsible for decisions on the payment of ARDA 
grants in areas where agricultural drainage is eligible for such grants, 
have been instructed to ensure that each drainage project is in accord 
with the wishes of other resource management departments. No specific 
guidelines have been set up, but the existing practice appears to usually 
involve consultation with the local Conservation Authority and the District 


Office of the Ministry of Natural Resources. 
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It might be appropriate to consider the organization of regional 
committees consisting of representatives of agriculture, Ministry of Natural 
Resources, the relevant Conservation Authority, and urban interests to 
review land drainage proposals. This committee might inspect the land 
involved after a petition is received by the township council or when an 
urban area anticipates drain construction which will affect rural areas 
and before an engineer is appointed. This initial inspection might reveal 
that the drain would not produce any agricultural benefits or would cause 
serious environmental impacts. The council and the petitioners of the 
drain could then consider these factors before any money is spent on an 
engineer's report. In the case of the 8th line municipal drain through 
the Stroud Swamp such an initial report might have resulted in the termina- 
tion of the project. 

Further consultation with this committee could take place after an 
engineer's report is received. The report could be circulated to the 
committee, and consultation with the engineer and township (cr city) 
council might be required in some cases in order to minimize environmental 
problems or to satisfy competing land uses. There is considerable evidence 
from a number of drainage projects in Ontario that this type of consulta- 
tion, which is usually absent at present, might significantly reduce 
conflicts of interest. There appear to be many instances where adjustments 
in the design of the drain would remove adverse environmental impacts 
without reducing agricultural benefits. A good example of this circumstance 
is the Pritchard Drain in Malahide Township, Elgin County, which the 
engineer originally planned to construct through the Calton Swamp, an 
important wildlife area at the head of the watershed (Pell, 1972). This 


swamp was not affecting agricultural drainage, and there is no evidence 
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that stopping the drain short of the swamp has affected the agricultural 
benefits. 

It is possible in the case of the Martin Drain reviewed earlier in 
this chapter, that consultation between an engineer and a committee might 
have resulted in less damage to the water-holding role of the woodland 
swamp. It might have been possible to construct the drain for only a 
small distance into the woodland, simply utilizing the swampy nature of 
the area to accomodate the water from the agricultural land. This pro- 
cedure might produce somewhat higher spring water levels in the swamp but 
probably would not injure the timber. The possibility of utilizing swamps 
in this manner has also been suggested by representatives of the Ministry 
of Natural Resources in Eastern Ontario, where some drains extend con- 
siderable distances through woodland swamps to provide outlet for small 
areas of agricultural land. There are problems involved in this suggestion. 
Engineers consulted pointed out that a lack of sufficient gradient sometimes 
necessitates extension of the drain, and that there is a danger of injury 
to property adjacent to the swamps if adequate outlet is not provided. 
However, the institution of dialogues between the engineer and environmental 
experts at least opens up the possibility that drains can be designed to 
minimize environmental damage as well as creating the desired agricultural 
benefits. 

In the case of conflicts on the outskirts of Niagara Falls, it has 
already been pointed out that lack of communication has been a serious 
impediment to the solution of problems. A committee which involved environ- 
mental experts might easily have foreseen the problems curently arising, 
and could have forced the engineer and the City to consider landscape 


impacts and, perhaps, alternative proposals. 
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(iv) Formulation of Land-Use Priorities 

One of the severe problems evident in almost all cases of conflict is 
the lack of clearly-defined land-use priorities at the local or provincial 
levels. With respect to wetlands, for example, no guidelines have been 
formulated indicating the general amounts of wetland which should be pre- 
served for hydrological, recreational or aesthetic purposes. Not all 
wetland needs to be preserved, neither should it all be destroyed. The 
determination of wetland needs for hydrological purposes requires considera- 
ble scientific research. The needs for recreation and aesthetic purposes 
presumably also require extensive surveys of current and potential users. 
Yet certain general guidelines could be determined now which could be 
useful for those charged with resolving conflict situations. For example, 
it might be determined that a limit should be placed on the reduction in 
wetland within broad regions to ensure that a minimum of wetland would 
continue to be available. Obviously, general guidelines such as this would 
be most effective if determined through the joint cooperation of a number 
of concerned governmental and other agencies. But the task of formulating 
general rural land-use policy is not insurmountable, and it should be of 


great assistance in the resolution of conflict situations. 
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Chapter 8 


ALTERNATIVES FOR FUTURE LAND DRAINAGE LEGISLATION 


8.1 Introduction 

This investigation has confirmed that a number of genuine problems 
have arisen with respect to land drainage in the rural portions of Ontario. 
At the same time it has shown that the scale of these problems seldom 
appears to be large, and that there is no gigantic crisis demanding 
radical action. The major problems, described in detail in preceding 


' and urban-rural inter- 


chapters, concern agriculture, the "environment, ' 
faces. ‘The primary agricultural problem is that drains are sometimes 
constructed which have not led to enough benefits to pay their way (even 
after government subsidies). As for the environment, the study has 

shown instances where drainage has led to the destruction of woodland, 
particularly wetlands, and to the destruction of a habitat for flora, 
fauna, and fish. This land has been removed from recreational, aesthetic 
and conservation uses. At the same time water reservoirs have been 
diminished, and natural streams have been polluted by agricultural drains. 
In urban-rural regions eight specific problems or conflicts have been 
identified and discussed in some detail (Chapter 7). 

It has been pointed out that many of the situations involving con- 
flicts in land use are either not serious or have not been substantiated. 
Yet other situations of serious conflict, where the advisability of drain 
construction is not easily determined, have been identified. In another 


class are conflicts where modifications to the project could probably 


have been satisfactory to all parties. 
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In view of these problems one can class the alternatives concerning 
drainage legislation into three categories: (1) instigate no change; 
(2) instigate radical changes to greatly centralize control and authority 
over the drainage of rural and, possibly, urban land; and (3) modify the 
current Drainage Act. Each of these alternatives is discussed in turn 


below. 


8.2 Alternative 1: No Change in Legislation 


The first alternative would permit a continuance of the kinds of 
problems already identified. For example, drains failing to lead to 
significant agricultural benefits would continue to be constructed. This 
and other problems appear to arise often enough to be of serious concern. 
Furthermore, some problems are bound to increase in frequency and severity, 
particularly in the most rapidly urbanizing portions of the province. 
Increasing urbanization leads to direct conflicts along the rural-urban 
fringe. Of probable greater importance, however, is the increase in 
ownership of rural land by persons who live and/or work in the city 
(Found and Morley, 1972). The number of persons who are not landowners 
but who use rural areas for recreation also rises. These various trends 
associated with urbanization create potential conflict situations in the 
countryside on a much larger scale than would occur in earlier stages of 
urbanization. Consequently, one can envisage problems which have been 
rather infrequent to date becoming much more severe and frequent in the 
areas surrounding growing towns, in the broad metropolitan regions (such 
as the Toronto-Centred Region), and in the habitual outdoor recreation 


areas of the province. Thus, no change in drainage legislation would fail 
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to ward off an increase of serious conflict situations as well as a con- 


tinuance of those problems already evident. 


8.3 Alternative 2: Radical Cnanges to Centralize Authority 


One of the trends common in recent Ontario history is the tendency 
for certain types of administrative authority to be centralized. For 
example, county or other large-region school boards have replaced the 
former township or town boards. Local governments have been combined 
into large-region units. The advantages of centralization are said to 
include lower total administrative costs, particularly where former 
duplication of functions can be avoided; greater expertise in carrying 
out administrative functions through streamlining and "professionalization"; 
and better decision-making through large-scale planning. It is felt that 
large-scale planning is good since the conflicts that arise through local 
ad hoc decision making can be avoided and since the achievement of broad- 
level objectives can be realized. 

One alternative to solving land drainage problems would be to place 
land drainage under a centralized authority, presumably one which would 
nave rather large regional planning units. Such an authority might even 
become responsible for instigating drainage schemes, as is the case in 
the Province of Manitoba. ‘The advantages of such a system could include 
the following: 

(1) centralized autnorities could maintain their own technical 

advisory staffs, which might lower the costs of planning 
projects (e.g. do away with the need for a private engineer's 


report); 
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centralized planning could conveniently allow for the inputs 

of experts representing a number of fields and viewpoints 

so that potential land-use conflicts could be recognized 

in time for remedial action; 

the current ad hoc procedure of initiating drainage construction 
from place to place could be replaced with large-scale project 
planning. Larger drainage systems could be undertaken so that 
hydrological conflicts or incompatibilities between drains 

could be avoided, and the per-unit distance cost of construction 
could be lowered; and 

liaison between drain construction and related developments, such 
as the building of urban storm sewers or agricultural development 
programmes, could lead to a general and orderly regional develop- 
ment. Similar liason with conservation or other environmental 
interests could permit new drainage to enhance attempts to 
preserve wildlife, or build parks. 

a system would or could have a number of disadvantages, however: 
the theoretical savings in cost might, in fact, become larger 
expenditures than are current. The low level of drainage activity 
in many regions might not justify tne large costs associated 

with the development of a new centralized body; 

unless the centralized planning authority were to be one already 
in existence (e.¢. the regional offices of the -linistry of 
Natural Resources) the development of a new authority would be 
bound to duplicate the considerable expertise already available 


across Ontario (e.7%. the county Agricultural Representatives) ; 
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(3) the development of yet another large-scale planning or advisory 
unit would further complicate the administrative picture across 
Ontario. Clearly there is a need for the existing units con- 
cerned with Ontario's regional development (e.g. planning 
boards, various Ministry representatives, etc.) to coordinate 
their efforts as closely as possible. Even these groups have 
yet to develop very comprehensive or detailed plans for 
Ontario's rural regions, and the addition of another administra- 
tive group would probably make the solving of the general problem 
more difficult. It has been stated by some that Ontario is not 
yet "ready" for detailed regional planning in its rural regions. 
If this is true, the development of a special unit to administer 
land drainage might only make it more difficult to achieve; and 

(4) the development of any new centralized system will require a 

great deal of effort to change current procedures. 

The development, use, and conservation of water resources in Ontario 
is largely without any centralized direction and review; but it should be 
noted taat recent legislation has moved the Government into a position 
from which considerable control over these matters could be exercised. 

It does not appear, however, that the powers granted are being exercised 

to anything like their fullest extent. The Ontario Water Resources Act 

is a case in point. This Act was previously known as The Ontario Water 
Resources Commission Act (R.S.0., 1970, Chapter 332). The original Act set 
up the Ontario Water Resources Comnission, but recent legislation on 
government reorganization has abolished the Comission and placed the Act 


and the powers it confers directly under the Minister of the Environment. 
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The major powers of the Minister are sect out in Section 17. Section 
17 (1)(C) empowers the Minister 

to construct, acquire, provide, operate and maintain sewage 

works and to receive, treat and dispose of sewage delivered by 

municipalities and persons. 

Sewage is defined as including drainage, and Section 31 (1) provides; 

for the purposes of this Act, the minister has the supervision 

of all surface waters and ground waters in Ontario. 

The Water Resources Act could be used to initiate major drainage projects. 
At present the powers given by the Act are being primarily devoted to the 
supply and distribution of water to urban and semi-urban areas, and the 
collection and disposal of sewage and liquid wastes in the same area. 

The Government actually has a further and more general power than 
that granted by The Water Resources Act. The province is vested with the 
constitutional responsibility for "local works" within the Province, and 
can establish any drainage projects it thinks desirable by special legisla- 
tion. The Public Works Act (R.S.0O., 1970, Chapter 393) sets out a wide 
variety of general powers which the Government can use on projects 
authorized by such legislation. On a local scale municipalities also 
have broad powers over matters related to drainage. Under Section 352 
Subsection 16 of ‘the Municipal Act (R. S. O., 1970, Chapter 284) all 
municipalities have the power to pass bylaws: 

for constructing, maintaining, improving, repairing, 

widening, altering, diverting and stopping up drains, 

sewers or water courses; for constructing, maintaining, 


repairing and improving dams; for providing an outlet 
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for a sewer or establishing worxs or basins for the 

intersection of purification of sewage; for making all 

necessary connections therewith, and for acquiring land 

in or adjacent to the municipality for any such purposes. 

Of course, The Municipal Act is not enployed for the construction of 
agricultural drains since it does not provide for the sharing of costs by 
farmers and the Government as does the Drainage Act. 

To summarize, there are a number of possible advantages and very 
serious disadvantages to the establishment of a new, centralized system 
for administering land drainage in rural areas. Much of the advantage 
rests on the advisability of utilizing large-scale planning and profess- 
ional expertise to instigate or review drainage projects. But it has 
been pointed out that such expertise probably already exists in regions 
across the province, and that the Government already possesses powers to 
permit centralized and large-scale activity which are not being fully 


utilized. 


8.4 Alternative 3: Changes in the Current Land Drainage Act 

Changes in the current Land Drainage Act could be made which could 
help overcome the problems associated with land drainage which have been 
identified in this study. These possible changes will be discussed under 
the following five topics: project initiation, project review and the 
engineer's report, project approval, right of appeal on decisions, and 
urban-rural provlems. 

(a) project initiation 

Under the present Act the primary initiators of projects are land- 


owners in need of drainage. If all or a majority of affected land owners 
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agree on a common project they petition for an engineering report under 
Section 3 of the Act. A municipality can initiate a project under the 
same section if drainage is necessary for one of its highways. A single 
owner who needs a drainage project which would affect other owners files 
a requisition for an engineer's report under Section 4. 
It might be advisable for the category of persons initiating 
projects to be broadened. A situation might arise where a majority of 
landowners refused to agree to the construction of a drain which would 
be highly beneficial and desirable to a minority group of avid farmers. 
This situation could arise, for example, in an area with large-scale 
ownership of land by persons from a city. Or it could arise where a large 
number of landowners occupied small ribbon-like plots of land amidst 
genuine farms. The problem might be met by basing the decision to under~ 
take a project on land acreage rather than on the number of Landowners. 
For example, cach property owner might obtain one vote for every acre 
he owned; or some system mid-way between this scheme and the current 
procedure might appear to be more fair. Another solution might be to 
allow municipalities to initiate projects where no question of highway 
drainage was present and where less tuan a majority of affected owners 
desired it. This would nave the added advantage of permitting municipalities 
to effect large-scale plans in their efforts to reach "regional" objectives. 
Although proadening the powers of initiation might help overcome some 
current problems, considerable disadvantages can be foreseen. A serious 
problem relates to cost sharing, and another to the fact that municipalities 
already have fairly broad powers of initiation, powers which could be 


broader with modifications to Acts other than the Drainage Act. The present 
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scheme depends upon distributing the costs of drainage installation and 
maintenance among parties requesting the project. Where a single individual 
requisitions a drainage project he must be prepared to pay for inconvenience 
suffered by other persons who have no interest in the work. At present 
municipalities could initiate drainage schemes outside of the Drainage Act 
by virtue of their general powers under the Municipal Act. They could not, 
of course, distribute their costs among the parties benefited if they 

used this approach. It is arguable that they could initiate a drainage 
project under Section 2 (1)(d) of the Local Improvement Act and thereby 
distribute costs among benefiting parties, but it would appear that aegri- 
cultural outlet drains are not really contemplated in the Act. If further 
municipal powers of drainage installation are desired it might be useful 
to amend the Local Improvement Act ratner than the Drainage Act. The 
problem of cost sharing becomes even more acute when parties not directly 
interested in the land are given the power to request installation of 
projects. In these circumstances there would be no excuse whatever to 
distribute installation and maintenance costs among affected lands, and 
there would be a strong argument that affected landowners should be 
compensated for interference with their property at the time of installa- 
tion. The project would have to be of considerable importance to force 

a municipality to bear this entire cost. Clearly, such a power of initia- 
tion would be pointless if the individual interested parties had to bear 
the entire cost. If municipalities were given extra powers to install 
Outlet drains under the Local Improvement Act interested individuals 

Other than landowners might be allowed to act as petitioners under an 


amendment to Section 1l of that Act. This would provide a mechanism for 
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other interested parties to seek the installation of drainage projects, 
put it would remain highly unlikely that a municipality would install a 
project over the objections of landowners themselves. 

(b) project review and the engineer's report 

As has been suggested in various sections of this study, drainage 
projects can be approved without much prior evaluation as to the agricultural 
benefits involved or of the possible environmental damage or other land-use 
conflicts. It might well be possible to avoid some of these difficulties 
at an early stage, either during or prior to preparation of the engineer's 
report. 

Under the Drainage Act projects which are petitioned for under Section 
3 are treated in a manner different from projects which are requisitioned 
under Section 4. Where a majority of owners has petitioned for a project, 
municipal council must first notify the local conservation authority having 
jurisdiction over the area of the petition. Thirty days after such notifi- 
cation an engineer is appointed to study the proposal and report on the 
project. Where a project is requisitioned under Section 4 an engineer is 
appointed immediately, and the engincer must serve notice on owners affected 
by the suggested project before beginning his work. 

It would be useful if bodies other than the conservation authorities 
were given notice of proposed drainage projects prior to the preparation 
of an engineer's report. 

Also, there seems to be little reason why procedures should be 
different under Sections 3 and 4, since similar potential problems exist 
for both petition and requisition drains. In Chapter 7 the idea of a 


regional drainage committee, which might consist of representatives from 
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groups such as the District Offices of the Ministry of Natural Resources, 
the relevant conservation authority, or the Department of Agriculture 

and Food was suggested. Such a group, which might also include an 
engineer, could probably identify, with little research, drains which. 
were obviously undesirable, and could suggest to the council that funds 
not be wasted on an engineer's report. If the work of the proposed project 
appeared to be questionable or good then an engineer's report could be 
recommended. A possible simple procedure for obtaining the inputs from 
a group representing a range of expertise would be to send a form letter 
to each member describing a proposed project and requiring a written 
response. Such responses might be routine in the vast wajority of cases, 
indicating that no problems with the project are foreseen. If these 
bodies presented objections to the proposed scheme the municipal council 
could notify the interested property owners of the objections and give 
Such owners a risht to seek and present contrary opinions. The council 
could then exercise its discretion as to whether or not to seek an engin~ 
eer's report. 

The present Drainage Act sets out a number of requirements for the 
engineer's report. The report is to include "plans, specifications, 
estimates of the drainage works, and an assessment against the lands and 
roads within the area requiring drainage. . . . stating. .- - the propor- 
tion of the cost of the drainage works . . . to be assessed against 
every parcel of land and road for benefit, outlet liability and injuring 
liability." (Section 3 (1)). Section 3 (1) also requires the engineer 
to indicate in his report the manner in which the spoil from tne drainage 


project shall be disposed of. The eneineer's report when complete is 
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filed with the municipal clerk (see Section 2.2(1)). It might be 
advisable for the engineer's report to be broadened to include a detailed 
description of the site in question, a description of all existing land 
use on the site, a recommendation on farm underdrainage which might be 
usefully associated with the outlet drain project, probable changes in 
land use following completion of the project, and suggestions on alter- 
native means of meeting the problems of the site. This may require more 
than an engineer's normal expertise, but if it could be accomplished, 
even in a rudimentary form, it should be of great assistance in assessing 
the potential benefits of the project and in considering alternative ones, 
The assistance of supplementary expertise, such as that provided by 

the local agricultural representative, might facilitate the procedure. 

It could be useful if the Drainage Act were to make additional certain 
other types of information specifications, which would help ensure a good 
physical basis for drain construction. Specifically, information con- 
cerning the slope angles of the sides of the drain, plans to revegetate 
the excavated ditch banks, and plans for disposition of the spoil could be 
included. It has been noted that drains often fail to meet desirable 
standards in these regards. For example, slope angles are sometimes too 
steep to be stable, revegetation is not provided for, and spoil is left 
in awkward locations. A modified Act would require engineers and contractors 
to comply with these specifications. 

The high cost of obtaining an engineer's report has been referred 
to a number of times in the briefs to the Select Committee on Land 


Drainage. A suggestion to possibly overcome this problem is for repions 
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(perhaps counties or other appropriate areas) to hire a permanent 
engineer to prepare all reports. This could be a useful suggestion if 
the area’ concerned had enough projects on a regular basis to occupy the 
time of the engineer. In some parts of the province this would not be 
the case, and the saving of doing away with private engineers’ reports 
would not pay the salary of the full-time appointment. Some consideration 
might be given to assigning the preparation of the reports to existing 
civil servants (e.g. other county engineers). Of course, it might be 
difficult to find existing personnel with the appropriate experience. 
An added advantage of hiring a permanent engineer would be that the costs 
of preparing reports would be distributed equally over all property 
owners, and not fall solely on the shoulders of those requesting drainage 
construction. 

(c) project approval 

The Drainage Act now provides that if the engineer files a negative 
report no further steps are taken by the council unless the report is 
appealed from (see Section & (10)). If the engineer's report is favourable 
and is the result of an individual requisition section 4(a) requires 
that the municipality adopt it. If, however, a favourable report is 
for a project initiated by petition the municipality has a discretion as 
to whether or not to adopt it (see Section 26 (1)). In either case a 
copy of the report must be sent to other municipalities, conservation 
authorities, public utilities, the Minister of Natural Resources, and 
all other owners, in so far as any of those parties are affected by the 
Proposed act (see Section 24 (1)(2)(3)). It is probably at this point, 


rather than at a point of initial review, that objections of an agricultural 
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ecological, or conflict nature could be most profitably advanced since 
the parties concerned would have more information on which to base 
opinions. 

It would seem advisable for the approval process to be the same for 
both petitioned and requisitioned projects, as both have the same potential 
problems. If the petition procedure is accepted this would give the 
municipal council discretionary power to approve or disapprove of a 
requisitioned project. It would seem to be highly desirable for the 
current list of bodies to be notified of projects whether or not they own 
land affected by them, and for some representative with agricultural 
expertise (e.g. the local agricultural representative) to be added. 

This would permit some review of the agricultural benefits to be expected 
from a project. As with the pre-report review supgestedabove, it might be 
appropriate to require a written response, no matter how simple, from 

the bodies notified before a council makes a final decision on a drain. 
This should ensure that all relevant bodies have given some consideration 
to the potential effects of the project. If the earlier suggestion that 
the engineer include in his report recommendations on associated farm 
underdrainage were to be adopted the landowners could automatically get 
this advice when they get the report. Section 24 might be amended to 
require municipal councils also to advise farmers as to whether or not 
the municipality has passed bylaws under the Tile Drainage Act to make 
tile drainage loans available. 

The Act now states no criteria on which drainage projects should be 
judged. The implication is that any project which can be favourably 


reported on by an engineer is worthy of consideration and approval. 
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Section 26 might be amended to state that the municipal council shall 
consider such matters as, the potential for increased productivity, the 
relationship between the potential productivity and the cost of the 
installation, the possibility of ecological damage, and undesirable 
land-use conflicts when considering whether or not to approve the report. 

(d) right of appeal on decisions 

The present Act allows two types of appeals: appeals with regard to 
the costs of the project, and appeals with regard to the advisability of 
the project. The assessment of costs of construction and maintenance 
against individual parcels of land can be appealed under Sections 31 and 
33. Where land has been benefited by a project and is then severed its 
project assessment will be apportioned between the various parcels. This 
apportionment can be appealed under Section 19. The engineer's bill for 
fees can be appealed under Section 23. The substantive decision with 
regard to the approval of the drainage project can also be appealed. In 
this case the appeal is to the provincially appointed Drainage Referee. 
Conservation authorities can appeal municipal approval of a project on 
the grounds that "the drainage works will injuriously affect the scheme 
undertaken by the authority" (see Section 35). Landowners or utilities 
affected by the project can appeal on the grounds, Inter Alia, that "the 
benefits to be derived from the drainage works should be modified" (see 
Section 36). An owner may appeal a negative enszincer's report to the 
Referee under Section 37, and other municipalities affected by the project 
may appeal on a variety of grounds under Section 38. 

It misht be advisable that any members of a wider group entitled to 


intervene in a project at the initial review and approval stage be given 
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a right to appeal approval. This suggestion could be effected by broad- 
ening the parties entitled to appeal under Section 36. At the same time 
the grounds for appeal could be extended to include inadequate considera- 
tion of the potential for agricultural production, ecological damage, or 
land-use conflicts. 

The problems with these suggestions is somewhat the same as the 
problem raised by broadening the entitlement to initiate projects. The 
costs involved in appeals of this nature can be very extensive. Even if 
the parties wishing to question the project can bear their own costs of 
appeal should the landowners primarily affected be forced to undertake 
such extra costs? If the rights of appeal are broadened it might be 
necessary to include a requirement that parties not directly interested 
in the land affected post a bond to cover the cost of appeal before being 
given standing to appeal. 

A further question exists with regard to whether or not broadened 
access to the present appeal structure is a useful innovation. The evi- 
dence is that the Drainage Referee does not now play a significant role 
in these matters and is not being frequently called upon to review 
decisions. If there was evidence that a large body of people were 
desirous of intervening on drainage decisons it might be useful to set 
up an entirely new tribunal. Such a tribunal might, like the Ontario 
Municipal Board, hold public hearings in various areas as problems arise. 
In the light of the lack of conflicts encountered in this study, however, 
it would appear that a suggestion of this nature is, at the best, pre- 
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(e) urban-rural problems 

While the present Act does not directly address itself to the 
difficulties which can arise when urban and rural land uses conflict in 
a single drainage area, it has provisions which should, in theory, meet 
many of the problems raised. When land which has been assessed for a 
drainage project is subdivided the various parcels themselves become 
responsible for the project. The clerk of the municipality calls in an 
engineer to apportion the assessments (see Section 19). This assessment 
carries with it the responsibility for the cost of maintaining the 
drainage system (see Section 46 and 49). Persons whose land ajoins 
drainage works are responsible for the maintenance of the free flow of the 
water in those works, and can be forced to pay the cost of removing obstruc- 
tions in the drainage system which they have caused (see Section 55). 
Finally any person who “obstructs, fills up or injures or destroys by any 
means any drainage works" is euilty of an offence under Section 58 and can 
be fined or imprisoned. 

It is difficult to determine what further steps might be taken to 
alleviate the problems of these conflicting uses except to suggest that 
representatives of urban areas (e.g. pianning boards) might be included in 
any group given a formal role in the pre- and post-report stages of a 
project. The situation probably is that many appropriate and necessary 
powers are present but are not being exercised. Perhaps what is needed is 
an enforcement mechanism which is easily available to farmers or urbanites. 
Section 12 of the Act allows local councils to appoint drainage comnissioners 
to "supervise the maintenance of any drainage works." Where drainage 


commissioners are present it should be relatively easy for them to enforce 
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the obligations. If no drainage comnissioners are being appointed perhaps 
some other local official (for example, the agricultural representative 

or the roads superintendent) should be empowered to view drains and enforce 
their maintenance upon request by affected landowners. The Planning Act 
might be amended to force committees of adjustment to consider the local 
drainage pattern when severances are being requested. The steps in the 
approval of subdivision plans under the Planning Act are not at present 
given statutory definition--they remain within the discretion of the 
Department of Treasury and Economics. The Department might be advised of 
the problem and be requested to have regard to drainage patterns when 


reviewing subdivision proposals. 


8.5 Conclusions 

A number of possible changes (and non-changes) in drainage legislation 
have been outlined, together with some consideration of their likely advan- 
tages and disadvantages. A very important factor to bear in mind in 
considering changes is the revealed need for change. To what extent have 
problems arisen with current legislation in force? This study has shown 
that problems certainly nave arisen. A significant proportion of projects 
recently completed appear to have failed to generate enough agricultural 
benefits to justify their construction. Evidence of environmental damage 
and genuine rural-urban land-use conflicts has also been gathered. Yet 
the majority of projects appear to have been wise investments from an 
agricultural point of view, and the frequency and intensity of environmental 
and other land-use conflicts appear to be less severe than many of the 


presentations to the Select Committee on Land Drainage have suggested. 
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There is no grave crisis at present. However, a revised system which would 
permit an evaluation of the potential impacts of a project by experts in a 

number of fields should ensure that the minority of projects which do lead 

to problems could be modified or stopped. The researchers believe that 


such an evaluation procedure is practicable. 
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Chapter 9 


SUMMARY AND CONCLUSIONS 


9.1 Introduction 

This study has involved a general investigation of government-assisted 
land drainage in Ontario. The detailed analyses have included both an 
evaluation of the full benefits and costs associated with a sample of 37 
drainage projects located in seven sample townships, and more specific 
studies relating to conflicts between agricultural land drainage and 
competing land uses. In this chapter a summary of the research is presented 
and conclusions are drawn. The conclusions are presented in the form of 
answers to four specific questions: (1) What have been the "full" benefits 
and costs of recent drainage activity in Ontario? (2) Can the full benefits 
and costs of drainage projects be effectively evaluated, and is prior 
evaluation feasible? (3) To what degree are conflicts between competing 
land uses and, more generally, between public and private interests present 
with respect to land drainage in Ontario? (4) What changes may be necessary 
in existing policies and legislation in order to better provide for the prior 


evaluation of benefits and costs and for the solution of conflicts? 


9.2 Summary 


The research for the project involved four phases: inventory and 
hypothesis formulation, selection of sites for detailed study, field investi- 
gation and data collection, and analysis and evaluation of results. 

The first phase of the research, inventory and hypothesis formulation, 


involved a review of literature relating to land drainage and its impacts, a 
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township-level study of the patterns of drainage activity over the 1964-1972 
period, and the preparation of conceptual models detailing the potential 
impacts of land drainage activity. The overview of land drainage during the 
1964-1972 period has been presented in Chapter 2. The basic data sets 
employed were the government records of expenditures on grants to municipali- 
ties under The Drainage Act, and government purchases of debentures from 
municipalities under The Tile Drainage Act. The analysis of the data 
involved both the magnitudes and the regional patterns of expenditures. The 
magnitudes of the annual total provincial expenditures on grants under The 
Drainage Act for the period 1962-1972 were examined and revealed a period of 
relatively stable expenditures up to 1965, a period of rapid expansion of 
drainage activity from 1966-1969, a leveling off of activity to 1971, and a 
drop in 1972. This pattern of activity was explained on the basis of the 
various programmes of government assistance which were available. In 
particular, the 1966-1969 period of rapid expansion of drainage activity 
corresponds to the time during which special ARDA assistance was available, 
while the stable period from 1969-1971 was the period during which the 
Ontario Department of Agriculture and Food's Special Drainage Assistance 
Programme was in force. An examination of the annual total provincial ex- 
that for The Drainage Act expenditures. This pattern seemed to indicate that 
tile drainage activity is closely related to and follows behind municipal 
drainage activity. 

In order to analyse the regional patterns of drainage activity during 
the 1964-1971 period a series of township-level maps of drainage expenditures 
were prepared. These maps provided a basis for the identification of seven 


regions of drainage activity. The first two regions identified, the 
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Southwestern Ontario Region and the Southwestern Ontario Fringe Region, 
represent the areas of maximum drainage expenditures and maximum increases 
in drainage expenditures. These areas, which correspond to the prosperous 
agricultural areas of Southwestern Ontario, completely dominate the expendi- 
ture patterns under both The Drainage Act and The Tile Drainage Act. The 
third area identified was the Southern Georgian Bay Region, which in recent 
years has experienced considerable increases in activity under both The 
Drainage Act and The Tile Drainage Act. The fourth region of activity, that 
of Eastern Ontario, represents a secondary centre of activity which has been 
growing in importance. The fifth and sixth regions identified, Niagara and 
The North Shore of Lake Ontario Areas, were characterized as areas with 
considerable expansion of tile drainage activity, but very little expenditure 
on municipal drainage. The final region identified, Northern Ontario, 
contains only a few localized areas of limited drainage activity, The over- 
view of the regional patterns of drainage activity served to emphasize the 
dominating position of the areas of Southwestern Ontario with lesser centres 
of recent activity south of Georgian Bay and in Eastern Ontario. 

In addition to the overview of drainage activity, the first phase of the 
research project involved the formulation of hypotheses with respect to the 
impacts of land drainage. Following a review of the available literature, 
the direct and "indirect'' impacts of land drainage were generalized into 
three categories: agricultural impacts, environmental impacts, and impacts 
on non-agricultural land uses. The potential agricultural impacts included 
impacts on agricultural labour and capital inputs, the quantity, type, and 
value of agricultural production, and, ultimately, the value of agricultural 
land. The potential environmental impacts included impacts on the level of 


water tables, the quantity and quality of streamflow, and vegetation and 
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wildlife. The potential impacts on non-agricultural land uses included 
impacts on recreation, forestry, fur trapping and all uses depending on 
stream and groundwater supplies. All of the various potential impacts were 
summarized in two models, one at the local and one at the large scale 
(Chapter 3). The two scales were necessary in recognition that some impacts 
which are not recorded at the local scale may be recorded at the larger scale 
and vice versa. These models provided the conceptual basis for the analysis 
which followed. 

The second major phase of the research involved the selection of sites 
for detailed study. These sites were of two types: (1) seven townships 
distributed across the province within which drain-level surveys were to be 
undertaken, and (2) a series of specific sites for the study of special 
problems, particularly those relating to conflicts between competing land 
uses. 

The seven townships selected for drain level analysis were intended to 
provide fairly "typical" province-wide coverage representing a broad variety 
of conditions. The townships selected were Brooke (Lambton County), Mersea 
(Essex County) and Ellice (Perth County), representatives of the Southwestern 
Ontario region; West Luther (Wellington County), representative of the 
Southern Georgian Bay area; Cumberland (Regional Municipality of Ottawa- 
Carleton) and Ramsay (Lanark County), representatives of Eastern Ontario; and 
Caldwell (Nipissing District), representative of Northern Ontario. Within 
each of the townships a sample of five or six individual drainage projects 
was selected for detailed study; and, for each of the projects a sample of 
properties was selected for questionnaire survey. Each of the seven sample 
townships had approximately 40 properties selected for examination. In the 


questionnaire survey the owner or manager ot each of the properties was 
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asked a large number of questions designed to obtain information on the full 
range of drain-construction impacts. The results of the questionnaire survey 
provided the basis for the assessment of agricultural benefit-cost ratios 

and environmental impacts. 

The second group of sites selected for detailed analysis included 
several individual drainage projects which involved cases of known conflicts 
between competing land uses. In one case the project involved a water 
storage area, and, in another, the project involved a wildlife and recreation 
area. The final case concerned an urban fringe area. 

The third phase of the project centred on the collection of data. This 
phase included the questionnaire surveys, field investigations, and a series 
of interviews with various authorities. The questionnaire survey included 
the administering of the questionnaire, both for the sample properties in 
the seven townships and for a sample of the properties associated with the 
special cases investigated. Other types of field investigations were also 
undertaken in each of the special cases. Finally, a series of interviews 
was undertaken with representatives of various government agencies and 
universities, 

The final phase of the project involved the data analysis, the evaluation 
of the results, and the drawing of conclusions. Discussions of the agricul- 
tural] benefits and costs and of the environmental impacts of land drainage 
have been presented in Chapters 5 and 6 respectively. Chapter 7 presented 
an analysis of the special cases of conflict between competing land uses. 

The property~level questionnaire provided a basis for the detailed 
calculation of benefit-cost ratios for each of the sample drains. In each 
case the benefit-cost ratio was obtained by dividing the total cost of the 


drain into the present value of all current and future net returns from 
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agriculture which would not have occurred without the construction of the 
drain. In general the benefit-cost ratios calculated for the sample drainage 
projects indicated that agricultural benefits are being derived, and that a 
majority of benefit-cost ratios exceed 1.0. However, the detailed calcula~ 
tions also revealed considerable inter-township and inter-drain variation 

in the magnitudes of the benefit-cost ratios, as well as a significant number 
of very low ratios. For example, assuming a 20-year drain life and 6 percent 
interest rate (both very ‘‘generous" assumptions), 11 out of 37 drains have 
ratios below 1.0. The highest township-level benefit-cost ratios were 
calculated for the three sample townships in Southwestern Ontario, the area 
of traditional high agricultural productivity. The benefit-cost ratios 
calculated on the basis of a 12-year drain lifetime and an eight percent 
interest rate were for Brooke--2.13, Ellice--5.37 and Mersea--3.26. In 
contrast the comparable benefit-cost ratios for the townships in the "frontier" 
areas of drainage activity were considerably lower: Caldwell--.94, 
Cumberland--.49, Ramsay--1.50, and West Luther--.86. It is also important 

to recognize that within a given township there is considerable variation in 
the benefit-cost ratio for individual projects. For example, in Mersea where 
the overall benefit-cost ratio is high, two of the five drains examined have 
ratios of less than 1.0. 

While it was a relatively straight-forward problem to calculate the 
magnitudes of the agricultural impacts of drainage, the estimation of environ- 
mental impacts presented a more difficult situation. An extensive review of 
the published literature revealed a strong theoretical basis for wide-ranging 
environmental impacts resulting from land drainage activity. These theoretical 
environmental impacts have been incorporated into the local and large-scale 


models of the impacts of land drainage presented in Chapter 3. In Chapter 6 
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the environmental impacts of land drainage are discussed in considerable 
detail. In particular the impacts discussed include those on natural 
vegetation, wildlife, streams and lakes, wetlands, and ground water. Un- 
fortunately, there has been very little research into the environmental con- 
sequences of land drainage undertaken in Ontario, and for this reason, much 
of the material discussed is based on examples from the United States. 

In an attempt to evaluate the present situation with respect to 
environmental impacts in Ontario, the briefs to the Select Committee were 
reviewed, numerous interviews were undertaken, and the questionnaires from 
the seven sample townships were analysed. On the basis of the researchers’ 
survey in the seven sample townships it is possible to make several 
generalizations. Most agricultural drainage projects tend to be on a 
relatively small scale involving drains two or three miles long and drainage 
areas of between 500 and 1500 acres. In general terms the environmental 
impacts of such projects when considered individually are limited; however, 
the cummulative impacts of many such projects may involve serious effects, 
In an effort to determine the extent of environmental impact associated with 
the rapid increase in drainage activity during the past few years detailed 
surveys within the seven sample townships were undertaken. These surveys 
indicated that most of the recent drainage activity has involved the 
reconstruction of existing drains rather than drainage of large areas of new 
land. This observation was confirmed by an air photograph survey of wetland 
and woodlot areas recently cleared for agriculture and streans recently 
channelized. On the basis both of the researchers' review of the briefs to 
the Select Committee and of the numerous interviews undertaken with 
environmental authorities it is possible to generalize to the provincial 


scale. While the vast majority of land drainage projects do not have serious 
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detrimental effects on the environment, a minority of projects do involve 
serious impacts. For example, in the areas north and west of Toronto a rapid 
rate of wetland destruction has been observed. 

While the environmental impacts of individual drainage projects tend to 
be minor, it is important to recognize the potentially serious cummulative 
effects of a number of projects viewed on a larger scale. The seriousness 
of such impacts may be particularly pronounced in areas such as Southwestern 
Ontario, where the remaining areas of permanent wetlands and natural streams 
have been reduced to critical levels. The cummulative effects of numerous 
small projects must also be recognized with respect to physical hydrology. 
Water tables may be lowered and downstream impacts on streamflow may include 
increased flooding and a reduction in the low flows. On the basis of this 
Survey it is obvious that a considerable amount of detailed research is 
required in order to more clearly ascertain the large-scale impacts of 
drainage on the environment. 

In addition to the study of land drainage projects in the seven sample 
townships, additional projects were selected for the analysis of conflicts 
relating to competing land uses. The two conflict situations considered 
involved wetlands and urban-rural problems. Two major approaches to the study 
of these problems were employed. First was an examination of the briefs to 
the Select Committee, and second was the undertaking of case studies. 

Two case studies involving wetland conflicts were undertaken. The first 
Study involved the Martin Drain in Brant County, which entailed the ditching 
of a water storage area which was owned by a conservation authority. The 
Second case was that of the 8th Line Municipal Drain in Simcoe County, which 
involved the drainage of the Stroud Swamp, an area of some importance for 


wildlife and recreational hunting. In both cases communication between 
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conflicting parties appeared to be lacking, and there is reason to believe 
that the projects should not have gone ahead without modifications. 

The urban-rural case study involved a project on the outskirts of 
Niagara Falls. In this case several natural streams have been modified, and 
areas of agricultural land expropriated for drainage construction. Again a 
basic problem relates to a lack of communication and knowledge, which has 
prevented a suitable compromise from being worked out. In view of the 
documented impacts and conflicts relating to drainage construction the 
researchers have undertaken to consider several possible alterations to 
existing legislation and policies. These suggestions have been discussed in 


Chapter 8. 


9.3 Conclusions 


ee — — 


(a) Mat have > been the full benefits and costs of xXecent drainage 


— —— 


re — ee ee — — 


Following this study it is possible to make some general statements about 
the impacts of land drainage at the "local" scale. Analysis of the drains in 
the sample, which should be fairly representative of the Province as a whole, 
indicates that a majority of projects has led to increases in agricultural 
production, the value of which exceeds the cost of the projects. In these 
cases, the agricultural benefits have outweighed the costs. In a large 
minority of cases, however, agricultural benefits have not been as high as 
the costs. The regional pattern of the benefit-cost situation is such that 
Southwestern Ontario has obtained the highest benefits, and the areas of 
lower agricultural productivity have often tended to incur more costs than 
benefits. But one must be wary of over-simplification, since considerable 


variation in the benefit-cost balance is evident between drains, even within 
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single townships. 


Environmental impacts when viewed at the local scale have tended not to 
be excessively detrimental. Most projects have had few local effects which 
are normally considered to be damaging, although a number of situations have 
been documented with varying degrees of damage. Regions of some concern are 
(1) Southwestern Ontario, where the expansion of cultivatable acreage has 
led to the disappearance of some of the limited area of wetland and other 
woodland, and (2) the area north of Toronto, where urban-created demands 
have led to the drainage of wetlands. 

The scope of this study has not permitted the reaching of very accurate 
conclusions about the large-scale impacts of drainage. Concerning agriculture, 
the increased production which results from drainage has certainly led to 
some increase in the supply of food; but it is not possible to state the 
extent to which this has reduced food prices, stimulated other sectors of 
the economy, or depressed overall farm incomes. Concerning environmental 
impacts, one can only speculate as to large-scale responses to drainage. 

One tangible item is the disappearance of wetlands, which does not appear to 
have been a very serious problem in the last decade. Hydrological impacts 

are more difficult to assess. Although the hydrological impacts at the 

local scale, appear to be almost insignificant the aggregate effects are 

still largely unknown. On the whole, the accurate determination of large- 
Scale environmental impacts requires years of careful monitoring and research. 

As a final point one should note that it is difficult to assess overall 
benefits and costs in the absence of a common value system for agricultural, 
environmental, and other factors. Clearly, it is inappropriate to attempt 
measurement on a common scale. The problem of evaluation could be eased 


considerably, however, if the Province, or regions within the Province, had 
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clearly-stated rural land-use objectives, priorities, or policies. 


(b) Can the full benefits and costs of drainage projects be evaluated, 
and is prior evaluation feasible? 


On the basis of the present study it is possible to reply in the 
affirmative to the above question. Although it is not feasible to complete 
a detailed benefit-cost analysis for a proposed project, such an analysis is 
not really necessary. Any proposed drainage project can be cateporized into 
one of three groupings on the basis of its benefits and costs. The first 
group includes projects for which the agricultural benefits are high and the 
environmental impacts are minor. The second group includes projects for 
which the agricultural benefits are low and the environmental impacts are 
not serious. The final group includes projects for which both the agricul- 
tural benefits and the environmental impacts are considerable. Projects 
which fall into the first two categories can be identified with Little 
research, and the decisions should be straight-forward. Only projects which 
fall into the third category require detailed assessment. 

In the final section of Chapter 5 it was suggested that the variation 
in the benefit-cost ratios for the sanple projects could be accounted for by 
seven factors: the productivity of the environnent, the installation of 
field underdrainage, special hydrological conditions, local initiative, type 
of project, quality of engineering, and weather conditions since project 
completion. All except the last of the factors can be evaluated, estimated, 
or controlled before construction is initiated. In most cases a simple 
evaluation of the existing land-use patterns, the soil types, and the 
attitudes or plans of the local landowners would provide a suitable basis for 
the assessment of the expected agricultural benefits and costs. 


Siiilarly, evaluations of environmental impacts could be prepared without 
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excessive effort. Environmental impact evaluations could aim to estimate 
unavoidable adverse effects, irresversible commitments of resources, and any 
alternative schemes? It should be noted that many agencies are already 
accustomed to preparing statements of this nature. 

While it is certainly feasible to complete a prior assessment of the 
agricultural and environmental impacts of proposed drainage projects, the 
proper interpretation of such impacts can only be achieved on the basis of 


established land-use priorities. 


(c) To what degree are conflicts s between 1 competing land _uses and more 


— — — — 


gene rally between public a1 and p private int interests resent with respect 


to land drainage in Ontario? 

Although several cases of serious conflicts between competing land uses 
have been documented in Chapter 7, the findings of this study suggest that 
the vast majority of drainage projects do not involve such conflicts. Where 
such conflicts do exist they can usually be classified into one of three 
situations. These situations are conflicts relating to land use in the rural- 
urban fringe, conflicts relating to the loss of wetlands and conflicts 
relating to effects on natural streams. It is significant to note that in 
the minority of cases in which conflicts develop, the present procedures for 
obtaining approval for drain construction, particularly under The Drainage 


Act, do not seem to be adequate to deal with the problems. 


(d) What changes may be » necessary in existing policiesand legislation 
in order to | better provide | for or the prior evaluation of benefits 


oo — 


and « costs” and for jthe’ solution of conflicts? 


_—— — — — — 


This project has documented the need for some degree of change in the 
present policies and legislation if problems relating to agricultural benefits 
and costs and potential conflicts between competing land uses are to be 


Overcome. Three possible alternatives have been discussed in Chapter 8: 


(1) instigate no change, (2) instigate radical changes to greatly centralize 
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control and authority over the drainage of rural and possibly urban land, 
and (3) modify the current Drainage Act. It has been suggested that the 
minimum changes required should provide a basis both for a more complete 
prior evaluation of agricultural benefits and costs in order to avoid the 
construction of uneconomic projects, and for a mechanism for the evaluation 


of conflicts relating to competing land uses. 
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Appendix 1 
LIST OF PERSONS WHO ASSISTED DURING 


THE COURSE OF THE PROJECT* 


F. Abell, International Institute for Land Reclamation and Improvement 
Wageningen - The Netherlands. 


G. R. Armstrong, Township Engineer for Mersea, Windsor, Ontario. 


G. Baldwin, Fish and Wildlife Supervisor - Ministry of Natural Resources 
Cornwall District. 


W. Baker, Suite 408, 330 University Ave. Toronto. 


Bates, Ministry of Natural Resources (Ontario Land Inventory Unit) 
Richmond Hill. 


J. Benthem, Chief, Department of Landscape Planning, Staatsbosbeheer 
Utrecht — The Netherlands. 


Black, OMAF Representative for Carleton County, Thorncliffe Place, Ottawa. 


Block, Head Design Engineer, Water Resources Branch, Department of Mines, 
Resources and Environmental Management, Province of Manitoba, 


H. Boelter, U.S. Department of Agriculture Forest Service, North Central 
Forest & Environmental Station, Grand Rapid, Minnesota, U.S.A. 


J. Boulton, Clerk, Metcalfe Township. 
G. Bourdeau, Clerk-Treasurer, Russell Township. 
Brereton, Senior Planner, Ottawa - Carleton Region, Ottawa. 


W. Brink, Department of Sanitary Engineering, Ministry of the Environment 
Toronto. 


Mrs. P. Bruschwe, Ministry of Food & Agriculture, Bay Street, Toronto. 


R. 


M. 


J 





Brydges, Clerk-Treasurer, Ramsay Township, Almonte. 
Collie, Subsidies Officier, Inter-governmental Finance, Toronto. 


L. Collinson, City of Niagara Falls, City Hall, Niagara Falls. 
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* 
The authors apologize for the ommission of the names of any persons who 
should have been included in this list, and offer their sincerest thanks to 


them. 
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E. Cox, Sports Fisheries Branch, lMinistry of Natural Resources, Queen's Park, 
Toronto. 


H. Crown, Director, Ontario, A.R.D.A. 
J. A. Dalrymple, A.R.D.A. Branch, O.M.A.F. 1200 Bay Street, Toronto. 


R. Dariel, Fruit & Vegetable Specialist, Kemptville College of Agricultural 
Technology. 


D. Dennis, Canadian Wildlife Service, Aurora. 
R. Deslanaes, Clerk-Treasurer, Armstrong Township, Earlton, Ontario. 
G. H. Duncan, Clerk, West Luther Township, Wellington County. 


B. Ellah, Senior Conservation Officer, Ministry of Natural Resources, Simcoe, 
Ontario. 


V. Fisk, Ministry of Natural Resources, Owen Sound District. 


Mr. Fleming, Clerk-Treasurer, Regional Municipality of Niagara, Virgil, 
Ontario. 


Mrs. L. Foster, Clerk, Mersea Township, Essex County. 

Mrs. Fraser, Ontario Municipal Board, Edward Street, Toronto. 
R. W. Gagner, Clerk, Dover Township, Kent County. 

Mr. Gilbert, Clerk-Treasurer, Burford Township, Brant County. 
F. Gilbert, Department of Zoology, University of Guelph. 


P. Grandon, Shriner's Creek - Rural Area Preservation Group, Garner Road, 
Niagara Falls. 


R. I. Groh, Clerk, Innisfil Township, Sincoc County. 


G. Harkness, Senior Planner, Development Policy - Rural Areas, Ottawa - 
Carleton Planning Resion. 


A. Hauser, Wildlife Branch, ilinistry of Natural Resources, Queen's Park, 
Toronto, 


D. Hoffman, Department of Land Resource Science, University of Guelph. 


B. Howard, Resource Manager, Long Point Conservation Authority, Simcoe, 
Ontario. 


Mrs. M. Hunter, Cierk-Treasurer, Dufferin County, Melantheon. 


M. Irwin, Clerk, Proton Township, Grey County. 
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W. Irwin, Department of Agricultural Engineering, University of Guelph. 
Johnson, United Co-operatives of Ontario, 

Johnson, Resource Manager, Upper Thames River Conservation Authority, 
G. Jones, Treasurer, Mersea Township, Essex County. 

G. Kinsella, Clerk-Treasurer, Cumberland Township, Navan. 

M. Kostuch, R. M. kostuch and Assoc, Brockville. 


Kvet, IBP/PP Secretariat, c/o Institute of Landscape Ecology, Czechoslovak 
Academy of Sciences, Czechoslovakia. 


S. Larson, Department of Forestry and Wildlife Management, University of 
Massachusetts, Amhurst, Massachusetts. 


F. Lee, Water Chemistry Program, University of Wisconsin, Madison, 
Wisconsin, 


W. Lee, Ministry of Agriculture, Fisheries and Food, Great Westminster 
House, Horseferry Road, London, England. 


Peter Lewington, K.R.3 Ilderton. 


G. 


L. 


MacGregor, Clerk-Treasurer, Winchester Township, Moorewood, Ontario. 


McCoy, Senior, Regional Planner, ilinistry of Natural Resources, Xemptville 
> 3 tw > > P 
District. 


McDowall, A. J. Graham (Engineers) Ottawa. 

McGee, District Manager, Ministry of Natural Resources, Simcoe, Ontario. 
Meveoree. 0.1.5... P. Ene. Chatham, Ontario. 

McNeely, McNeely, Lecoimpte and Assoc. Ltd., Rockland, Ontario. 
McQuillan, Clerk-Treasurer, Moulton Township, Dunnville. 


S. Maitland, Wetlands Research Group, The Nature Conservancy, Edinburgh, 
Scotland. 


C. Malton, Executive Director, A.R.D.A. Branch, O.M.A.F. 
Manley, Ministry of Natural Resources, Owen Sound District. 


J. Manson, Fisheries Biologist, Ministry of Natural Resources, Simcoe 
District. 


Mrs. T. Marcoux, Clerk-Treasurer, Caldwell Township, Verner. 
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OC. Martin,’ Executive Director, Ontario, A.R.D.A. Toronto. 
Martin, Resource Manager, Ausauble-Bayfield Conservation Authority. 


O. Megard, Department of Ecology and Behavioural Biology, University of 
Minnesota, Minneapolis, Minnesota, 


J. Mitchell, Clerk-Treasurer, Brooke Township, Lambton County. 


Mitchinson, President, Committee of a Thousand, Niagara Falls, Ontario. 


Mixa, Executive Director, Lake Minnetonka Conservation District, Wayzata, 


Minnesota. 
Mogk, Clerk-Ellice Township, Perth County. 
A. Monteith, Drainage Engineer, Brooke Township, Petrolia. 


R. Morin, District Manager, Ministry of Natural Resources, Cornwall 
District. 


Morrison, A.R.D.A. Representative, Markdale, Grey County. 


Mundry, Director of Planning, Water Resources Branch, Department of 
Mines, Resources and Environmental Management, Province of Manitoba. 


Munroe, Canadian Wildlife Service, Eastern Ontario Region, Ottawa, 
Munroe, Ministry of Natural Resources, Owen Sound District. 
Murchison, Ministry of Natural Resources, Hespeler District. 


A. Oosterbaan, Government Service for Land and Water Use, Utrecht, the 
Netherlands. 


Rankin, Design and Construction Engineer, City of Niagara Falls. 
J. Reaney, Clerk-Treasurer, Logan Township. 

H. Reddock, Ottawa Field-Naturalists' Club, Ottawa, Ontario. 
Riach, Statistics Section, Economics Branch, 0.11.A.F. 

Rogerson, Drainage Commissioner, Windham Township, Nerfolk County. 


Rzoska, International biological Programme, Central Office, London, 
England. 


Schwartz, Department of Economics, York University, Downsview 


Scott, Forest Management, Ministry of Natural Resources, Simcoe, Ontario. 


Shaw, Assistant Regional Officer, lionk's Wood Experimental Station, 
(The Nature Conservancy) Huntingdon, England. 
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G. Siccama, School of Forestry and Environmental Studies, Yale University, 
Connecticut, U.S.A. 


J. Smith, Treasurer, Ellice Township, Perth County. 

I. Spencer, Drainage Co-ordinator, 1200 Bay St., Toronto. 
A. Starr, Director, Agriculture and Horticulture Societies Branch, 0.M.A.F. 
P. Stidwill, Stidwill and Assoc. Ltd., Cornwall, Ontario. 

J. Stock, Ministry of Natural Resources, Aylmer District, Ontario. 
Szczepanski, Dzial Linmologu Stosowanej, Mikolajkl nr. Mragowo, Poland. 
Tellier, Deputy Clerk, Treasurer, Township of Caldwell, Verner. 

S. Tener, Canadian Wildlife Service, Ottawa. 

Todgham, Todgham and Case Ltd., Chatham, Ontario. 

W. Underhill, Land and Water Development Division, F.A.0., Rome, Italy. 
Wainio, District Biologist, Ministry of Natural Resources, Maple District. 


W. Warwick, Timber Supervisor, Ministry of Natural Resources, Cornwall 
District. 


Watkin, Department of Crop Science, University of Guelph. 


Whitney, Regional Biologist, Ministry of Natural Resources, Kemptville 
DISErLC t, 


Wood, Resources Manager, North Grey and Sauble Conservation Authority. 
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DEPARTMENT OF GEOGRAPHY 
YORK UNIVERSITY 
TORONTO ONTARIO 
1. I'm from York University. We are conducting a survey on factors 
affecting agriculture for the Ontario Department of Agriculture and Food. 


May I speak to the owner or tenant of this farm? 


2. Interviewee: 
Lot and Concession: 


Township: ——— 





3. Do you: Cunbyehes farin?} (Skip, to Qebi).s sce deoccsces 1 
BOREAS LOT. pais Sas ee ON wEeS badd hese ES Oe 
Have another leasing arrangement? (Specify) 3 





4. What kind of leasing arrangement do you have with the owner? 


Rental without cost & profit sharing.... l 
PRencar stativiy costs & PrOLStS.s% eens eee 2 
Kemcay shaving COSTS DNL Ves c% sce 0% cs 3 
Wyong ss x's 09's « ae ee hates wee eee ee 


a ar — —— — — — 


5. What are the most important problems that farmers in this area have to 
face? (Probe: Any other problems?) 


Novambortant, prob oe. ree er est 
ME RETONS>T AENARE ....is,0sssenesnen oe. Bee eae 
Does notemention drainarein sss ss vasws eae 
Dons thddiowaleiiek ic, eet pone ub sss es 3 
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I'd like to concentrate now on questions related to land drainage. 


6. What have been the major advantages of land drainage on your farm? 
(Circle each advantage mentioned) 


NO S0Vantares seer errr errr eerie esse eer ereree 
Beye in sb es ase e es ne Sb 686 one ee 
PCO t OVE oth cue envnveecesoe4ss 
Derr Oana svar kes hula ctecaewneoneees 
Srenter verrery, Of Crops’ possible sacs s 6 sees 
PeOWi Neat em rr IMnCrGSSCd' . issue esas ss e's SEMEL, 
INCTCAGEd raster 
Prracacton-water-from—dl ate merece 
Pee ieetOVeVLCY INCUPECAGCH wise d gees dee kes edad ta 
Reguces time and cost to work land” ...sscccsecer 
Timeliness and flexibility of field operations.. 
Others (specify) 


SWONANHPWNHHO 





7. What have been the major disadvantages of land drainage on your farm? 
(Circle each disadvantage mentioned) 


HO MATO REV AREAL Bersih 0 
ee et esis we awh ow he ea eae 8 es 1 
Peao uta iiy GeCreaseG feces cae vs eteee tet ss ee $f Zz 
Decreased farm water supply ....... eines Wise eye a 3 
Drainage cost exceeds value of crops produced .. 4 
amoeces movements ON LAL 5 
Peper ate ouvecame NeCeSSsary 2 T Sse Se bese S ae ee 6 
Pies DecmmnerLou OLY vesersce rece a ee erateeeteerss 7 
PiemtLabee tand 16. Poet ee — 8 
Undesirable effects on adjacent —8— 9 
specify 


Wheeled digger decreases soil quality in root zone.10 
Others (specify) 





I would like to talk to you now about drainage in the area shown on this 
map (indicate drain, cultural features and land use). 


8. Was there previously a drain in this area before the most recent one was 


contracted? 
Don: know (skin. to Question ees 0 
ye aS glade UT OO ee Oa 1 
Ey ai aie niet ee Set 2 





9. Approximately when was it built? 
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10. Did the Government assist financially in its construction? 


jessy olla; To | a a ae —— wea eR Dea eB * 0 
No ge eRe ee BS OST 8) 8 Oa 8 oe 8: 80 we OEe we 0446).6 oe 6 © 68 6 6 1 
Z 


Yes NPS ORS 8 20 VE SS II SBE ae a ee ee ee eee 


a aC a a —— ——— 


11. What kind of a drain was it? 


- Award drains 1 

- Municipal 2 

- Neighbours drain 3 
ee 
12. Was the drain - Open 1 

- Tile 2 

- Combination 3 


ape een ten mtg 


13. When was the recent project completed on or near your property? 


i lg years ago. 
ee don. t know. 


Se ee 


14. What was the nature of the project? (circle one or more) 


Pew drain to Question 17) .s..t<.<. re oe 1 
Opeceing (cleaning & deepeninie) Js..ss0e0s ces] : 
Rene EC ISOW EF SRS ie biome. 5 ete er 3 
Eth ROM eee oar e 8 aie! eines as eerie eee ee ads 4 
few CRIVEFTS <a Feiss: eee ae eae Sor een fee 5 
replacement of tile ....... ewe wy ie ke ork — 6 

7 


other (specify) 





15. When was maintenance on the drain last undertaken prior to this project? 


won tc ———— eect tee tee. —* 0 
OE tnctin® ego ee suki Beek es *shen — 1 


—_—_— —⸗ ⸗— 





ee 





16. When was maintenance undertaken Prior fo thaty 


“EST TNS a ED, > ec RT i Cs eu SRM NN 0 
eae AD SCOP ey tele Grae aa Riek oon 68 Oe ae J 


ge — — — 





17. Do you have any tile drainage in the area affected by the drain? 


tink toknow (akin to Ouestion 22). «6 os sctines sun 
ehh OG EO 22) ap fides baea caw. aees 1 
PE gro Tee Sa OR oe 
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18. Did your farm have tile drainage in the area affected by the drain prior 


19. 


20. 


24% 
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23. 


Year Open ditchi 


to the project? 
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Sea are Z 
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Since the project have you installed tile drainage which connects to the 
drain? 
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Please indicate (on map and in table) the specifications about all farm 
drainage which connects into the drain. 





Acres Cost 


Affected 
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How often do your tile drains require cleaning out? 
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Do you intend to install (additional) tile drainage on your land which 
Gonnects to the drain? 
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Is the outlet drain deep enough for field tile drainage? 
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24. How many acres of your land were subject to Standing water or were 
swampy in the Spring before the drainage project was completed? 


in Sprin 








before drainage (acres) after drainage (acres) 


25. How many acres of your land were subject to Standing water or were 


Swampy at other seasons before the drainage project was completed tif 
none go to Question 27), 


Specify season 


JJ en ee 


before drainage (acres) after drainage (acres) 


i 
eo. Is it the same land which has excess water in different seasons described 
above? 


No POR 88 e 6a ee. ee kw, a 1 
Yes POEL Pee ee O86 e 2 
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27. Indicate on the map the area which you think was affected by the recent 
drainage project. 
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28. How many acres were affected? acres 
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29. How do you decide what areas were affected by the drain? 
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30. Have you changed land uses since the drainage project was completed? 


No (skip to Question 33).. 1 
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31. If the change was on the drained land, or if it was made possible by the 
drainage project, indicate the change in land use on your property following 
the project. (Also, locate the areas having undergone change on the map.) 


Present Before Drainage 
Land use Acres Land use Acres 





32. Why did you make this change? 








33. Have you changed your crop rotation since the drainage project was completed? 
MOUteKeu LD OLS) Uses 1 
Yes eeenee0neee*#egee8e# te @ @ ¢ @ 2 

34. If the rotation change was related to the drainage project, please describe it. 


Present rotation Rotation before drainage 





35. Do you intend to make any future changes in crops or crop rotations because 
of the drainage project? 
No: (Skip GO. Ueise) wis x's —1 
yo 


36. Describe the change. * Buh hr ethene 
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38. Indicate crop yield changes following completion of the drainage project 
(+ or -). 
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* aR tettha 
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39. If you have any more specific figures concerning crop yield changes related 
to drainage please describe the area and circumstances and complete the 


table below. 


— — ——— 





(Crop | Acreage | Yield before | Period of 
involved ; drainage | Record 






Period of: 
Record 


Yield after 
drainage 
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40. If you experienced a major crop yield change, could other factors, in 
addition to drainage, have contributed? 


a Pe Oe ee a 0 
Seed change ..«... Totes 1 
Bertisizers FPY.vevat. é 2 
2 Te few 538s ee eee 3 
Eq@gipment V2 .Ns.¥e2.s ‘4 4 
Others (specify) _ 5 
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41. Do you anticipate any future crop yield changes related to the project? 


BO tS TOON 0 
No (skip to Q. 44) 1 
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42. What changes are expected? 


Crop Acreage involved | Present Yield | Future Yield | 
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43. Why do you anticipate this change? 
ie es SOE EMU EE 
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44. Have you altered the rate of fertilizer app*lication for any crop on t 


he 
acreage drained following completion of the project? 


Ma (skip to 0.47)... 1 
Be ie hl, atte, acd 2 


45. Indicate change: 





Application rate 
prior to project 


~ Crop Acreage involved 









after project 





46. Why did you change the rate of fertilizer application? 
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47. Can you seed earlier in the spring, now than you could before the drainage 
project? 
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48. On average, how many days earlier? 
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49. Did the drainage project affect your crop harvesting? 
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50. What has the effect on crop harvesting been? dpe 
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51. What kind of well do you have? 
shallow dug well ...... 1 
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deep well« ssiviwstienyss 
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52. Did the drainage project affect your well level? 


don't know (skip to Q. 54) 0 
No sli £6. Sie) os. 1 
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53. How large a change (+ or -)? 
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54. Have there been general water level changes in your well over the years 


before the drainage project? 
don't know (skip to Q. 56) 0 
Noo tekin to Oy 56) 9 ws 1 
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55. How often and how large were the changes? 


Years ‘ Change (+ or -) 
ee La Ue ——— 
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56. Does the drain dry up during the summer? 
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97. For how long? _ days 








58. Does the drain overflow its banks during spring runoff? 
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59. How often do you expect drain maintenance will be required 
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60. Did the project drain any swamp or marsh on your farm? 


Nou tekip to: 0.623) sae i 2 
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61. How many acres of swamp or marsh were drained? acres 





62. Did the project affect any woodlot on your farm? How? 


NOMMSORTD COCO sO) lis wea) fk 
CA Se ae a en ee 2 
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63. How many acres of woodlot were cleared as a result of the drain? acres 


64. How many board feet of timber were sold from the clearing operation? 


_board feet 





65. What was the woodlot used for prior to drainage? 
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66. What kinds of birds and animals lived in the area near the drain before 
Ee project? 4 
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67. Did the drain cause the kinds or numbers of wildlife to change? 
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68. What changes have you noticed? _ 
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69. Did hunters use the area along the drain before the project? 
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71. How many hunters used the area each year? No. 
Ne UL hl TP he A, Pe ee Pe 
72. Do hunters use the area along the drain now? 

No (skip to Q. 75) «ss» 1 

Yes eeoeeoevevceeeevge ere © & 04— 2 
——— ——— — — nn — — — — 
73. How many hunters use the area along the drain now? annually. 
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74. What do they hunt? 
— — — —— — — — — — — 
75. Are there or have there ever been any fish in the drain? 


No (skip to Q 
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eee eee 
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76. What kinds of fish were in the drain before the project? 


None (skip to Q. 81) .- 0 
Specify 1 
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77. Did the work on the drain cause the kinds of fish to change? 


Nog» dalcabads ix. 
Specify 2 


78. Did fishermen use the drain before the project? 


No (skip-toi:Q.+81) «ce. J 
pi eee ee see — 2 


79. What did they catch? 
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80. How many fishermen used the drain each year? no. 








81. Do fishermen use the area along the drain now? 


No (skip to Q. 84) .... 1 
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82. How many fishermen use the area along the drain now? annually 
a a — — 
Ee et OE 
—— —— —— —— 


84. Did beaver, muskrat, or coons live in the area near the drain before the 
project? 
No (skip to Q. 86) wee. 1 
VES Sse t rrr rer rere res 2 
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85. Were beaver, muskrat, or coons trapped prior to the drainage project? 


No eer oeveoe eee oe eee eo ere 1 


Yes eeseevoeaeee@oeceeaeeev eee @ z 
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86. Do beaver, muskrat, or coons live near the drain now? 


No (skip to Q. 89) see. 1 
VES (hs 46 sh bate bab wee O88 Z 








87. Are beaver, muskrat, or coons trapped now in or near the drain? 


88. What is the comparative amount of trapping before and following the 
drainage project? 
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no difference ....seeee J 

more before drainage .-. 2 

more after drainage ... 3 
89. Have beavers caused drainage problems in this area? 
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90. How serious are these problems? 7 


— — —— — — 


91. Have cattle or other animals caused damage to the drain? _ 
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92. Are there any man-made barriers which adversely affect drainage or prevent 
you from draining your farm? (Probe) 


He skis £0. 4,94)12,, c. J 
TOS Kasse 77 2 


23, Explain 
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94. Did the drain make it necessary to buy or build new equipment, buildings, 
bridges, fences, pumps, etc.? 
Voutsiio to 0196) |. 1 
J om Z 


95. Would you tell me what changes were necessary? 


Item Cost Reason for Purchase 


I Nee 
96. Do you spend more or less time on average working the farm since completion 
of the drain? 





No change (skip to Q.98). 0 
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97. How many more/less days per year? 


* 
on-farm:“ days/year 
off-farm: ___days/year 

+ for more, - for less 
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98. Do you have an off-farm job! 
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100. Has the time spent in your off-farm job changed since completion of the 
drainage project? 
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101. How many more days per year 
on-farm: days/year 


off-farm: days/year? 





es — —ñ — — — — — 


102. Was this change in off-farm work made possible or made necessary by the 
drainage project? 
No Askip to Q., 104) ... 1 
Rill: eelaig ——— 2 





103. Explain 


104. Do you hire any labour for this farm? 


No eeeoeseeeeeneeeeeeeeeeees 1 
Yes @oee5s#4ee#skeee eeeeeseeesrte6 £3 


105. Since completion of the drainage project has the amount of labour you hire 


changed? 
Non(skip to°O, 109) 3. 1 
GE Uy sa iice a 4 ge¥ 6 ek wae ooo 2 


106. How large has the labour change been? 
days/year more _ 


days/year less 


107. Was this change in farm labour made possible or made necessary by the 
drainage project? 
No* (skip tore 209)+ ows 1 
PER: Conia W e letein eh eoehiele vate occ Z 











109. Have you changed the size of your farm since completion of the drainage 


project? 
Hoy fekin to. O72 G3 13) «rs 1 
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110. By how many acres was the farm 
Increased? acres 
Decreased? acre 








111. Was this change in farm size made possible or made necessary by the 
drainage project? 
Nontekin. tots) 1 
FSe 2 





2. ‘explain 





—— — — — — — — — — — —— ——— — — — — — — — 
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113. Has the amount of feed, for example grain or hay, which you buy or sell 
changed since completion of the drainage project? 


Noviskin —1 
MS ERPS SNE rr 2 





114. By how much have your feed sales or purchases 


* [ 
item Change in Annual value 





units/year of change 


Increased 


— — — — 






Decreased 


— purchase = (P) 
Sale = (S) 


115. Was this change in feed sales made possible, or made necessary, by the 


drainage project? 
Mor rent to CO. Lis 7s 1 
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Has there been a change, related to the drain, in the number, quality, 
or products of the following livestock and fowl? 








meeerccr/towl ) no how mich how noch + | 
change : more . less Reasons for change 
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beef cattle 


milk cows 


milk production 


milk quota with | 
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Market ing Board | 
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How much do you feel that your farm income has changed because of the 
drainage project? 


NO CHANGE Gi escape win oss 0 
Geese: Cua Li ews 8p 6A 1 
J.. erate. opecisagin. vote " Z 
Or LOZ) sane a penn ae a 3 

hy MR SP hiatal ee Moa ae: ale 4 


ho 


Would you have supported the drain construction without the government 
subsidy of Oar 
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121. What benefits did you expect from the drain? 


ee 








122. Was it your intention to install field tile drainage after completion of 
the project? 
NOT ats ae Shale 5 oS He PO F Ni 
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123. Do you think that increased crop and livestock yields related to the drainage 
project will pay for it? 
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in more than 10 years . 
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124. At the time of project approval were you? 


neutral or undecided .... 0 
about the project cee 

in favor of the project.. 1 

opposed to the project... 2 


125. Now are you neutral or indifferent... 0 
ini Ttaver ofthe project... 1 
opposed to the project... 


ho 


126. Would you be sympathetic concerning maintenance of the drain when it is 


required? 
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127. Have you any additional comments concerning land drainage projects? 
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Interviewer 

Date 

Drain No. 

Date od drainage project 


Type of drainage project 





Acreage assessed Total acreage 







Engineer's estimate 


Assessment (outlet) 

Assessment (benefit) 
Total Cost 

Dominant soil series 

Operator's age 

No. of years on property 


Future plans 
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